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Unknown and cryptic diversity in the Adelpha serpa-group  
 
Abstract 
 
by Cassidi E. Rush 
 
University of the Pacific 
2018 
 
 
 The tropics are host to incredible insect diversity. One of the most charismatic 
groups that exhibit this diversity are the butterflies. Despite the tropical butterfly fauna 
being heavily researched, there remains much hidden diversity in the form of undescribed 
life histories and cryptic species. This is especially true among the species rich 
Nymphalidae, the brush-footed butterflies. Species in the genus Adelpha are known to be 
“the most trying taxonomically of all nymphalids” DeVries (1987), and as such are 
fruitful ground for uncovering unknown diversity. About half of the species within 
Adelpha have undescribed life histories, while A. serpa stands out within the genus in 
having remarkably wide host breadth, and thus potentially harbors cryptic diversity. Here 
we describe the life histories of two species of Adelpha from Costa Rica, and use an 
integrative approach to clarify species level boundaries within the Adelpha serpa-group. 
We conclude that A. serpa does not show significant evidence of harboring cryptic 
species, and appears to be a geographically widespread species and a hostplant generalist. 
Three additional species within the serpa-group show strong evidence of harboring 
cryptic species, and further research should be done to clarify these species relationships. 
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Chapter 1: Introduction 
 
This thesis is comprised of three chapters. In Chapter 1 I provide background 
information on the topic of study, unknown tropical diversity, as well as the focal group, 
butterflies in the genus Adelpha (Hubner 1819). In Chapter 2 I describe the life histories 
of two species of Adelpha from Costa Rica, whose hosts and immature stages were 
previously unknown. Finally, in Chapter 3 I use an integrative taxonomic approach to 
clarify species level boundaries within the serpa-group, and answer whether cryptic 
species diversity exists within the subspecies A. serpa celerio H. W. Bates, 1864. 
Unknown Tropical Diversity 
 One of the most striking biological patterns in nature is the latitudinal gradient of 
species richness. In this gradient the number of species in a community is greater at low 
latitudes (tropics) than high latitudes for nearly all groups (Rohde 1992, Jablonski et al. 
2006). As a result, the tropics are host to incredible species diversity. This pattern is 
especially evident in insects. Insects are the most diverse terrestrial organisms on Earth 
(Wilson 1987, Kim 1993), with this diversity being pinnacled in the tropics. As a result 
the tropics are host to incredible numbers of insect species. However, many of these 
species remain undescribed and underappreciated. Uncovering hidden diversity is 
especially critical today, as tropical forests are rapidly disappearing and underappreciated 
numbers of species are being destroyed. The discovery of cryptic species in these forests 
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could present opportunities in conservation planning, given that we account for greater 
species diversity when making conservation decisions (Kim 1993, Bickford et al. 2007). 
Loss of insects is especially important as they are critical to maintaining forest plant and 
tree species as pollinators. In addition, Losey and Vaughan (2006) have estimated that in 
the U.S. alone, despite it being a temperate and less diverse zone, the economic benefits 
of ecosystem services provided by insects exceeds $57 billion annually. Maintenance of 
insect and plant diversity may also have direct benefit to humans by providing solutions 
to currently un-curable diseases, and the maintenance of intact forests has been identified 
as a way to slow global climate change (Bonan 2008, Malhi et al. 2008).    
 There are two main ways that tropical species diversity remains unknown, in 
organisms in general, and in insects and butterflies in particular. The first of these is 
undiscovered species and their biology, meaning simply that these species have yet to be 
found, described and well-documented. To date, approximately 1.1 million species of 
arthropods have been described, the majority of these being insects (Chapman 2009). 
However the total number of arthropod species is predicted to be between 2.5 and 3.7 
million (Hamilton et al. 2010). These numbers indicate that not even half of the arthropod 
species have been described. If novel insect species do exist, they are likely to be found 
among the most speciose of groups: Coleoptera, Diptera, Hymenoptera, and Lepidoptera 
(Gullen and Cranston 2014). Furthermore, even if they have been described and given a 
name, in general very little is known about the biology of most tropical species.  
 The second way diversity remains unknown is through unrecognized species. 
These species have been inaccurately placed under an existing name. In many arthropod 
taxa this is due to insufficient study of morphology, biogeography, and ecology.  In 
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butterfly taxa this can be attributed to similarity of wing color patterns among species. 
For example, both crypsis and complex interspecific mimicry patterns can obscure 
species differences, even among distantly related species. Signs of these differences can 
often be seen in species with generalist food plant use, excessive phenotypic 
polymorphism, or a wide niche breadth that may actually represent the niches of multiple 
separate gene pools (Smith et al. 2007).  
 Lepidoptera, and butterflies in particular, make an excellent study system for 
exploring patterns and processes in biological diversification for several reasons. They 
are both abundant and very diverse, and are conspicuous diurnal members of the insect 
community. In addition, Lepidoptera are one of the top four most species rich insect 
orders with over 150,000 described species(Gullen and Cranston 2014). Furthermore 
their systematics and natural history are relatively well-known and becoming increasingly 
more so. Many identification guides and natural history books have been written for 
butterflies, often highlighting the rich variation in anti-predator defenses and host use that 
have been implicated in their diversification (Scott 1986, DeVries 1987, Neild 1996, 
DeVries 1997).  However, the ease of study afforded by the abundance and diversity in 
butterflies is both a benefit and a challenge, teaching us much about biological diversity 
but leaving much still to be discovered. 
 Integrative approaches combining molecular data, such as mitochondrial DNA 
sequences, with ecological data have been used to more accurately delimit species 
boundaries and recognize cryptic species (Dayrat 2005, Smith et al. 2007, Padial et al. 
2010). One well-known study examining morphologically similar skipper butterflies used 
a ~650 base pair region of mitochondrial gene cytochrome oxidase subunit I (=DNA 
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barcoding) to show there were actually 10 species within what had previously been 
considered a single species (Paul et al. 2004). Another more recent study (Hill et al. 
2013) described a case in the widespread and common mimetic butterfly Heliconius 
erato. What had been thought to be a gradient in color pattern within this species in 
Central America, actually had a distinct genetic and phenotypic break when sufficient 
samples were analyzed.  The wing pattern morphology changed in association with 
genetic markers at a mountain barrier crossing Costa Rica. These studies highlight the 
need for and advantages of DNA markers in determining diversity patterns. In addition, 
results of a study of the highly polymorphic Amazonian butterfly, Mechanitis mazaeus, 
clarified species boundaries by combining mitochondrial sequence data with data on food 
plant use, immature and adult morphology (Hill et al. 2012). Together, these examples 
indicate our incomplete knowledge of tropical diversity, and emphasize the utility of 
integrating ecological, morphological and molecular data. The integrative approach 
described above is the approach taken in this thesis to clarify patterns in Adelpha 
butterflies, specifically the serpa-group. 
The Genus Adelpha 
 Butterflies in the genus Adelpha are known to be “the most trying taxonomically 
of all nymphalids” (DeVries 1987), and as such are fruitful ground for uncovering 
unknown diversity. The first Adelpha species were described by Linnaeus in 1758. From 
the very beginning, the genus became convoluted as Linnaeus described three species in 
two different lineages. By 1814, when the genus name Adelpha was introduced, there 
were already many miss-classifications by multiple taxonomists, including multiple 
names and descriptions of the same species, which set the stage for the next 200 years of 
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Adelpha taxonomy (Willmott 2003b). This taxonomic confusion has resulted in excessive 
renaming of taxa, resulting in over 350 published names within the group, overshadowing 
its prospective biological interest, and frustrating further studies of the group (Willmott 
2003b). A comprehensive review of the genus by Willmott (2003b) reduced the 350 taxa 
to 209 taxa within 85 species. Despite the reduction in taxa by Willmott (2003b), Adelpha 
represents the most speciose genus of all nymphalids, a family which is thought to have 
the highest species richness among butterflies (Powell 2003). Adelpha species are 
organized into six provisional species groups, based on immature and adult morphology, 
as well as cladistics analysis (Aiello 1984, Willmott 2003a, Willmott 2003b). Adelpha are 
widespread, being found over a diverse range of habitats, in rain, cloud, and dry forests, 
from the western United States to Uruguay, from sea level to 3000m (Willmott 2003b).  
 The diversification of this genus can largely be attributed to their mimetic wing 
color patterns, and host plant relationships. Mimicry is the resemblance of wing color 
pattern among different species in order to signal unprofitability to visually hunting 
predators. Wing pattern mimicry is an important contributor to the diversity of Adelpha, 
as there is good evidence that strong selection on mimics to resemble other local 
populations of protected butterflies can also facilitate speciation (Jiggins 2008). Aiello 
(1984) posited that Adelpha butterflies feeding on Rubiaceae (a family of flowering 
plants, that includes coffee) are unpalatable and serve as the models for other species 
within the group. As such, color pattern differences between genetic lineages of Adelpha 
may be reduced because of selection to look similar for protection against predators.  
 Mimicry is also responsible for a lot of the confusion associated with the genus. 
Adelpha can be classified into nine wing patterns shared among the 85 species. Most 
14 
 
species have one of four wing patterns, with five species having unique wing patterns 
(Ebel et al. 2015). These similar patterns have historically made it difficult to identify 
Adelpha. The intense mimicry in Adelpha is also likely responsible for unrecognized 
diversity in the genus, as similar colors patterns may actually be different, but cryptic, 
species.  
 A recent study by Willmott and Hall (2013) of species in the serpa-group is an 
example of the mimetic patterns clouding Adelpha diversity. This study presents two new 
species of Adelpha. In the process of DNA barcoding the newly discovered A. margarita, 
Willmott and Hall (2013) also found evidence of unrecognized diversity in Adelpha 
seriphia godmani Fruhstorfer 1913, and elevated this subspecies to species level (=A. 
godmani). While A. godmani is morphologically very similar to other A. seriphia 
subspecies, DNA barcoding found A. seriphia to be paraphyletic with A. godmani. This 
genetic evidence emphasizes the difficulty in recognizing species diversity in mimetic 
genera.  
 Before the addition of DNA barcoding in taxonomy, Moss (1933) suggested 
immature (larval and pupal) morphology may help in creating more accurate species 
groups within this difficult genus. When examined together, immatures and adults give 
significantly different species groupings. Given the adult “wing pattern madness” 
associated with this group, immature characters have proven to be a reliable way to 
hypothesize species relationships (Aiello 1984, Aiello 1991). Immature characters remain 
useful today, even with the advent of DNA barcoding (Willmott 2003b, Aiello 2006). 
However, at the time of Willmott (2003b) only 42 of the 85 species of Adelpha had 
documented immature morphology and host plant records. Consequently, Willmott 
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(2003b) “strongly encourages anyone who has reared Adelpha to publish their results, 
and illustrate aspects of the morphology that are potential sources of phylogenetic 
characters” (pg. 23). Therefore, in Chapter 2, I describe the life history of two Adelpha 
species, in an effort to address undiscovered biology of species within the genus Adelpha.   
 A second contributor to the diversity of Adelpha is their host plant relationships. 
The co-evolutionary link between insect diversification and their use of plants as hosts 
was highlighted by Ehrlich and Raven (1964), and has since been validated many times. 
Willmott (2003a) hypothesized that it was the switch to the widespread resource of 
Rubiaceae food plants that allowed Adelpha species to undergo adaptive radiation, and 
this was confirmed in a recent study by Ebel et al. (2015). Rubiaceae is a widespread 
family known to produce bioactive compounds against herbivores, making it difficult for 
insects to utilize this family as a host (Soto-Sobenis et al. 2001). Therefore the switch to 
Rubiaceae likely involved competitive release (the expansion of the range of a species 
when it enters a niche with less or no competition), while also allowing Adelpha to 
expand geographically into new forest life zones, resulting in rapid adaptive radiation 
(Ebel et al. 2015). 
 Subsequent to the switch to Rubiaceae, Adelpha evolved to use several other plant 
families (Ebel et al. 2015). In all, Willmott (2003b) reports Adelpha using 22 families of 
host plants, and this number continues to grow (Freitas 2006, Janzen and Hallwachs 
2009, and Rush and Hill pers. obs.). As a result, when examined as a whole, the genus 
Adelpha has a wide host breadth and one might think they are generalists. However, 
available data indicate Adelpha species are specialized to their host family. Of the 42 
Adelpha species with host records, 27 feed on only one host family, while 41 of the 42 
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feed on three or less families. This specialist behavior is typical of nymphalid taxa, as 
86% of species with host records are found on only one host plant family, and 96% are 
found on three or less families (excluding Limenitidinae) (Table 1.1) (data from 
Beccaloni et al. 2008). 
 A strong counterpoint to the host family specialization just described is seen in A. 
serpa celerio. Willmott (2003b) lists A. serpa celerio as using five different families 
(note that Willmott 2003b lists seven plant families, however some taxa have been 
rearranged since the publication reducing the number to five). Given the observed host 
use for A. serpa celerio it appears to be more of a generalist compared to 96% of all 
nymphalids (Table 1.1).  
 The distinctiveness of A. s. celerio in its host plant use begs explanation. Two 
hypotheses explaining this are: 1.)  A. serpa celerio is unique within Adelpha in being a 
generalist, or 2.) A. serpa celerio harbors cryptic species. In Chapter 3 I test these 
hypotheses using an integrative approach. I combine DNA data, food plant data, 
morphological data and geographic ranges, to determine species boundaries within A. 
serpa celerio, in an effort to address potential unrecognized species within the genus 
Adelpha, and clarify boundaries within the serpa-group.  
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Chapter 2: Life History Descriptions of Adelpha naxia naxia and A. nea nea 
(Nymphalidae) From Costa Rica 
 
Introduction 
 Butterflies in the genus Adelpha are widespread and conspicuous throughout the 
neotropics, with species found in a diverse range of habitats extending from the United 
States to Uruguay (Willmott 2003b). Convergence in wing pattern among species 
(Willmott 2003b, Ebel et al. 2015) makes species delimitations based on adult 
morphology difficult, and misidentifications have increased the confusion through the 
description of numerous synonyms. Work by Willmott (2003b) gave a comprehensive 
summary of the present knowledge of Adelpha systematics and clarified the redundant 
names. In combination with subsequent work (Prudic et al. 2008, Willmott and Hall 
2013), the genus contains more than 90 species and over 120 additional subspecies. 
 Immature stages have been useful in helping to clarify Adelpha species groups 
and understand taxonomy in the face of mimetic similarity among adults (Aiello 1984, 
Aiello 1991, Otero and Aiello 1996). Using immature stage morphology, Aiello and 
others (Aiello 1984, Otero and Aiello 1996) identified seven or more species groups 
within Adelpha. Based on his studies of adults and immatures, Willmott (2003a) 
rearranged Adelpha into six provisional groups, after finding some of the previous groups 
to be polyphyletic. Recent molecular work on the phylogeny of Adelpha corroborates 
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some of these species groups (e.g. A. alala, A. serpa, A. phylaca) (Ebel et al. 2015) and 
allows further exploration of the traits associated with hypothesized clades.  
 Despite the series of studies focused on this genus thus far, there remains much to 
be discovered. Willmott (2003b) and Aiello (2006) called for publishing any information 
on Adelpha, and on life history stages in particular, in order to clarify species boundaries, 
determine larval host breadth, and elucidate mimicry patterns. During recent fieldwork in 
Costa Rica we discovered the immature stages and larval food plants for two Adelpha 
species with previously unknown life histories, A. naxia (C. Felder & R. Felder, 1867) 
and A. nea (Hewitson, 1847). In this paper we describe the life history of A. naxia naxia 
(C. Felder & R. Felder, 1867) and Adelpha nea nea (Hewitson, 1847). We discuss these 
species immature stage characters as related to identification and systematic 
relationships, as well larval behavior and food plant interactions, and also provide 
observations on adult behavior.  
Materials & Methods 
Observations were made in the vicinity of Barrio Guadalupe (08.61801, -
83.48025), near the town of La Palma, in the Osa Peninsula, from June to August 2016. 
In general, forest edges, and ridges in primary forest were searched for larvae and adults. 
Adelpha naxia naxia were collected in secondary forest habitat and edges, whereas 
Adelpha nea nea were collected along the sides of a narrow dirt road following a ridge in 
primary forest. Larval food plants were identified by Orlando Vargas and Reinaldo 
Aguilar F., as well as by referencing the Organization for Tropical Studies online plant 
database. 
20 
 
Larvae were reared individually in plastic bags under ambient conditions. Bags 
were hung along a line so that leaves would approximate natural positions and to expose 
leaf margins for larvae to build frass chains. Larval bags were cleaned daily with toilet 
paper. Larval and pupa instar duration were recorded by taking notes daily. Head 
capsules and pupal exuviae were collected for later description. Photos of each stage were 
taken using a Nikon D7000, and Micro Nikkor 105mm lens fitted with extension tubes 
(Kenko) and ring flash (Nikon SB-R200 Speedlight).  
Larval descriptions were made based on photos taken during rearing. 
Morphological terminology follows that described and used by Willmott (2003b) and 
Aiello (2006). We use the taxonomic arrangement of Willmott (2003b). Head capsule 
drawings and measurements were made with a Leica S8 APO stereomicroscope with an 
attached Leica DFC295 camera. Head capsule width was measured at the widest part 
(generally near the most dorsal stemmata) using Leica Application Suite version 3.8.  
Results 
Adelpha naxia naxia C. Felder & R. Felder, 1867. 
 
 Food plant and oviposition.  The larval food plant of Adelpha naxia naxia was 
found to be Vitex cooperi Standl. (family Lamiaceae, formerly placed in Verbenaceae). 
Vitex cooperi is found from sea level to 600m in secondary habitats and along edges in 
tropical moist to wet forests, and is native from Guatemala to Panama (Croat 1978). The 
range of A. naxia extends beyond that of V. cooperi, being found from Mexico to as far 
south as Bolivia and the Amazon basin of Brazil. Eggs were found laid singly on the 
upper surface of the leaf at the leaf margin or tip, from one to four meters above the 
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ground. Plants containing eggs were mature trees in open habitats. It should be noted that 
the Vitex cooperi and Piper arieianum C.DC. (Piperaceae) host records listed for A. naxia 
in Aiello (1984) were errors (Willmott 2003b), and actually pertain to A. heraclea (C. 
Felder & R. Felder, 1867).  
 Vitex cooperi is also a host of Adelpha heraclea heraclea (C. Felder & R. Felder, 
1867) in Costa Rica (CER pers. obs, DeVries 1985(86)), and eggs and larvae of A. h. 
heraclea were found on V. cooperi at the study site. Both A. n. naxia and A. h. heraclea 
were found intermingled on the same trees, but not on the same leaf. Adelpha h. heraclea 
immatures were found in much higher abundance than A. n. naxia when collected 
haphazardly from the three main trees where immatures were found.  
Egg.  Figure 2.1A. Duration unobserved. Like other Adelpha the egg is pale 
greenish, round with hexagonal pits, and a single seta arises from each apex of the 
hexagon. Eggs are laid singly, up to several times per plant.  
First Instar.  Figure 2.1B. Duration: 4 days, n = 1. Head capsule: 0.63 mm, n = 1. 
Very similar to the first instar of other Adelpha species. The head capsule is rounded with 
short setae, it is pale brown dorsally and laterally, and has a dark frons. The body is pale 
green after first feeding and takes on a brown hue by the end of the instar. The body 
tapers noticeably toward the posterior, is darker in between segments, and is adorned 
with numerous tubercles and short setae. 
Second Instar.  Figure 2.1C. Duration unobserved. Head capsule: 0.86 mm, n = 1. 
The head capsule is brown dorsally and medially and has a black frons. The body is dark 
brown with shades of black between segments, and is covered with yellow-white bumps 
and short setae. Developing subdorsal scoli are most pronounced on T2 and A2.  
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Figure 2.1. Immature stages of Adelpha naxia naxia. A. Egg. B. First instar. C. 
Second instar. D. Third instar. D. Fourth instar. F. Fifth instar. G. Pupa, lateral view. 
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Third Instar.  Figure 2.1D. Duration: 6 days, n = 1. Head capsule: x̅ = 1.19 mm, 
s.d. = 0.22, n = 3. The head capsule is entirely brown-black with tubercles and 
developing chalazae that are both light colored. The body is dark brown to black, darkest 
between segments. Short, dull brown-orange setae cover the body. A pair of pronounced 
subdorsal scoli are present on T2 with a slightly raised transverse ridge connecting them. 
Short subdorsal scoli are also present on T3 and abdominal segments A2-A8 and A10. 
Fourth Instar.  Figure 2.1E. Duration: x̅ = 4.4 days, s.d. = 0.60, n = 5. Head 
capsule: x̅ = 2.07 mm, s.d. = 0.10, n = 4). The head capsule is similar to the last instar but 
the chalazae are more developed and the colors contrast less. The body is dark brown to 
black in color. The body is textured with yellow-white bumps. Only subdorsal scoli are 
present. The pair of subdorsal scoli on T2 are most prominent, with spines developing 
along their length. The scoli on T3 and A3-A6 have spines radiating directly off body in 
groups of 3-5. The scoli on A7-A8 are short with radiating spines at their tip, and A10 
has short scoli. 
Fifth Instar.  Figure 2.1F. Duration: x̅ = 7.7 days, s.d. = 1.0, n = 6. Head capsule: 
x̅ = 3.27 mm, s.d. = 0.07, n = 5. The head capsule is dark brown to black in color and the 
frons has vertical pale-brown streaks laterally. Some variation is seen in the width of the 
streaks on the frons, and they also vary from off-white to dark brown. Chalazae on the 
head capsule are triangular, dark brown with black tips, and arranged in 3 series: 6 
posterior, 4 medial, 2 anterior (Figure 2.2A). The body is dark brown with shades of 
black and is covered in small pale yellow dots. A subspiracular yellow-green spot is 
present on A2, and a similarly colored subspiracular streak is present on A7-A8. The 
body becomes pale brown the day before pupation. The body is adorned with prominent 
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subdorsal scoli and reduced subspiracular scoli. Subdorsal scoli on T2 are relatively long, 
cylindrical, notably thick and arced anteriorly. The T2 scoli are dark brown in color, with 
many spines along their length. These spines are orange-brown on the posterior side and 
dark brown on the anterior side. A slightly raised transverse ridge connects the T2 scoli at 
their base and is nearly black on its anterior side. Subdorsal scoli on T3 are conical and 
pale-tan with a dark brown tip and 3-5 spines along their length. Scoli on A2 are conical 
and thicker than the T3 scoli, and show variation between individuals. The A2 scoli range 
from dark brown to tan in color, and have orange-brown spines along their length and 
radiating from the tip. Subdorsal scoli on A3-A6 are the shortest present. They are pale 
tan and conical with 3-5 spines radiating at the tip. The A7-A8 scoli resemble A3-A6 in 
shape, but are longer and dark brown at the crown where the spines arise. Variation was 
Figure 2.2. Ultimate instar head capsule drawings of A. naxia naxia (A) and A. nea 
nea (B). Each scale bar represents one millimeter. 
25 
 
seen in one individual with the A2 scoli more pale, resembling the A7-A8 scoli. All 
spines arising from the subdorsal scoli are orange-brown and tipped with black, and vary 
in size and thickness. Subspiracular scoli on A3-A7 are somewhat reduced, consisting of 
a crown of 1-3 spines. 
Larval Behavior.  Larvae were observed feeding in a manner typical for the 
genus. Once hatched, larvae ate the remains of the egg, and began eating at the border of 
the leaf either at the central vein or at a secondary vein, eating around the vein to expose 
it. Once the vein was exposed the larvae silk together pieces of frass to extend the vein. 
They then rested on this frass chain when not feeding, either in a straight position or the 
front-curved position (as described by Aiello 1984) with the head and thorax lifted off the 
substrate. At the base of the frass chain bits of leaf and frass were silked together, 
creating a barricade between the leaf and the extended vein. This barricade sat on top of 
the leaf or hung below. Larvae quickly retreated to their frass chain when the leaf was 
disturbed. This behavior continued through the fourth instar. During the fifth instar larvae 
no longer created or used a frass chain, and ate the entire leaf. Larvae rested on the upper 
or lower surface at the base of the leaf in the front-arched-rear-up position (Aiello 1984), 
in which both the anterior and posterior portions of the body were raised and arched, or in 
a straight position along the main vein. Pupation did not occur at a specific place on the 
leaf, and larvae often attached themselves on the side of the plastic rearing bag.  
Pupa.  Figure 2.1G and Figure 2.3A&C. Duration: x̅ = 7.1 days, s.d. = 0.30, n = 9. 
The pupa is pearly white in color with copper tints, and has dark sutures, spots, and 
streaks that are highlighted with orange-brown. The pupal coloration darkens the day 
before eclosing. As is characteristic for Adelpha, the head bears a pair of apical 
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projections (appearing as “head horns”).  In A. n. naxia these projections are widely 
separated at the base (as in A. h. heraclea), and shaped like small laterally pointing 
triangles. The thorax rises abruptly posterior to the head and forms a keel posteriorly 
along the dorsal midline. On T2 the dorsal keel leads into a projection which forms a 
slight hump directed posteriorly. A dorsal projection is also present on A2 that is curved 
sharply to the anterior, and is slightly larger than that on T2. The dorsal projections on T2 
and A1 are moderately sized for the genus. Posterior to A2 each abdominal segment has a 
dorsal keel that is smaller than the preceding segment. Segments A3 and A4 have a pair 
of dorsolateral tubercles that are irregularly shaped and dark in color. These partly create 
a rough broken line from A2 merging with the dark colored spiracles. The abdomen also 
has two ventral series of dark spots, one ventrolateral and one ventral, with the 
ventrolateral series smaller than the ventral series. Segment A9 has a short lateral spine 
and a pair of curved black ridges ventrally. The cremaster is pale tipped black. The 
wingpad is unmarked except for brown along wing veins. Pupation occurred on the 
surface of the leaf or on the rearing bag.  
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Figure 2.3 Comparison of pupae of A. naxia naxia (A & C) and A. heraclea heraclea 
(B & D) from the Osa peninsula.  
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Adult.  Figure 2.4A. Based on our field observations adult male A. naxia naxia 
were found flying from early morning to early afternoon (2-3 pm). Males were observed 
basking very low or on the ground in direct sunlight, in a relatively lazy flight.  
 Males were also observed exhibiting perching behavior, which appeared unique 
compared with that of other Adelpha males in Costa Rica. Our observations of A. serpa 
celerio (H. W. Bates, 1864), A. erymanthis erymanthis (Godman and Salvin, 1884), A. 
salmoneus salmonides (Hall, 1938) and A. n. naxia’s sister species A. h. heraclea (Ebel et 
al. 2015), indicate that these species typically perch high (usually observed 5 m and 
higher) and defend their perches with direct fast flight. In contrast, A. n. naxia males 
perched as low as 1 m and higher, with the highest observed perch being ~8 m. 
Furthermore, the flight of A. n. naxia males while defending their perch was especially 
fast and erratic with seemingly higher accelerations compared to the aforementioned 
species.   
Figure 2.4. Adult images of A. naxia naxia (A) and A. nea nea (B). Dorsal view is on 
the left of each image and ventral view is on the right. 
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Adelpha nea nea Hewitson, 1847. 
 
Food plant and oviposition.  Immatures of Adelpha nea nea were found to feed 
on Micropholis melinoniana Pierre (Sapotaceae). This tree ranges from Brazil to Mexico 
in moist to wet lowland tropical forests, at low to medium elevations, and damaged parts 
drip a white latex (Gentry 1993, Condit et al. 2011). A single tree was observed with 
immatures. The host was found on a ridge in primary forest at the edge of a road, which 
created a gap that sun could reach during the middle of the day. Eggs were found laid 
singly on mature trees and on old or damaged leaves. Eggs were placed along the leaf 
edge or at damaged portions of the leaf.  
Egg.  Figure 2.5A. Duration unobserved. Like other Adelpha eggs, pale green and 
round with hexagonal pits that have a seta at each apex. A. nea nea eggs are relatively 
large for Adelpha, similar to other members of the serpa-group. 
First Instar.  Figure 2.5B. Duration: x̅ = 4.3 days, s.d. = 0.50, n = 4. Head 
capsule: x̅ = 0.85 mm, s.d. = 0.38, n = 4. Similar to other species of Adelpha. After 
hatching, the larva is green-grey and bears small pale bumps along the body, with short 
setae on the head capsule. The head capsule is light brown with a black frons. By the end 
of this instar the body is light brown with small bumps where scoli will be in later instars.  
Second Instar.  Figure 2.5C. Duration: x̅ = 5.4 days, s.d. = 0.80, n = 7. Head 
capsule: x̅ = 1.12 mm, s.d. =  0.57, n = 3. The larva is brown with shades of black, 
blending in with the frass and leaf debris, and the body tapers slightly to the posterior.  
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Figure 2.5. Immature stages of A. nea nea. A. Egg. B. First instar. C. Second 
instar. D. Third instar. E. Fourth instar. F. Fifth instar. G. Sixth instar. 
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The head capsule is brown with a black frons, with the black extending dorsally to the 
rudimentary m1 chalazae. The subdorsal scoli begin to show in this instar and are distinct 
from the other miscellaneous lighter colored bumps by the end of this stage.  
Third Instar.  Figure 2.5D. Duration: x̅ = 5.3 days, s.d. = 0.80, n = 6. Head 
capsule: x̅ = 1.50, s.d. = 0.62, n = 5. This instar is very similar to the previous one, with 
the following changes. The scoli are more developed this instar, with subdorsal scoli on 
T2, A2, A4 and A7 most pronounced. Both supra- and subspiracular scoli appear along 
the body. The larva is brown and contrasts with lighter colored scoli, and there are darker 
black patches present as well as more apparent black bands between segments.  
Fourth Instar.  Figure 2.5E. Duration: x̅ = 5.2 days, s.d. = 1.0, n = 6. Head 
capsule: x̅ = 2.03 mm, s.d. = 0.83, n = 5. The body is brown with shades of darker brown 
and light brown mottling on segments, and light brown between segments. The head 
capsule is the same light brown color as the body, but has darker vertical stripes down the 
frons, and small distinct patches laterally between the first and second rows of developing 
chalazae. Thick short subdorsal scoli are present on T1, T2, A2, A4, A7, A8. The 
subdorsal scoli terminate in an irregular spreading crown of spines. A9 and A10 have a 
pair of thick dorsal scoli. 
Fifth Instar.  Figure 2.5F. Duration: x̅ = 6 days, s.d. = 0.89, n=6. Head capsule: x̅ 
= 2.85 mm, s.d.=1.16, n=5. The body coloration in this instar is a combination of dark 
and tan patches with purple-brown showing between segments. The head capsule is 
patterned similar to the previous instar but with chalazae more developed. The chalazae 
are relatively pale compared with the head capsule. The subdorsal scoli are brown in 
color, and are generally long and cylindrical with spines arising at irregular intervals 
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along their entire length and clustered near the tip. Subdorsal scoli are well developed on 
all segments except A1. The presence of well-developed subdorsal scoli on A9 in A. nea 
nea is distinct from other serpa-group species. The prolegs are relatively pale, as are the 
scoli arising dorsal to them. 
Sixth Instar.  Figure 2.5G. Duration: x̅ = 10.2 days, s.d. = 0.98, n = 6. Head 
capsule: x̅ = 3.94 mm, s.d. = 1.61, n = 4. Distinct in color from the previous instars. This 
instar is predominantly mottled pale green and dark green with pink to purple bands 
between segments. The larva changes to a yellow-brown color the day before pupating. 
The head capsule is pale tan with distinct brown vertical stripes along the frons reaching 
from the tip of the m1 chalazae to the bottom of the frons. The lateral part of the head 
capsule is dark brown near the anterior and medial rows of chalazae. The chalazae are 
pale brown with m1 having a brown anterior face. The chalazae are elongated and 
triangular in shape, and arranged in 3 series: 7 posterior, 4 medial, 2 anterior (Figure 
2.2B). Subdorsal scoli are the most well developed and present on each segment except 
T1 and A1. Subdorsal scoli are generally relatively long and cylindrical with intermittent 
spines, and end in an asymmetric fan of flattened spines. Subdorsal scoli are shortest on 
A5, A6, A9, and A10. The subdorsal scoli are brown and have dark green patches at the 
base, except for A9 and A10 which are pale green in color. Supraspiracular scoli on T1 
are cylindrical and pale brown with intermittent spines along the length and curved 
slightly dorsally. Short supraspiracular scoli are found T3, A2-A7, are pale green in color 
and have 2-6 spines radiating at the tip. Supraspiracular scoli on T2 are slightly shorter 
than the subdorsal scoli, and are pale brown in color. Reduced subspiracular spines are 
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found on A2-A8, and these pale green spines project directly from the body in groups of 
2-4 spines. Prolegs are tan. 
Larval behavior.  Upon hatching larvae alternated between eating the remains of 
the egg and wandering the leaf. Compared to other newly hatched Adelpha (CER pers. 
obs.), A. nea nea wandered over more area and for a longer time before beginning to eat 
at the border of the leaf, generally at points of leaf damage, where a frass chain was 
made. To feed, larvae first made an arc or U-shaped cut basal to the frass chain 
effectively making an island of leaf to consume. The cut was generally perpendicular to 
the secondary, intersecondary and tertiary venation (which are parallel in this host 
species), but did not cross the main vein of the leaf (Figure 2.6). Once this cut was made 
they commenced eating distal to the cut and worked toward the leaf tip or leaf margin in 
an overall basal-to-apical fashion.  
 First to fifth instars made frass chains off the main or a secondary vein, and 
created a mass of silked-together frass and leaf bits. The mass was constructed at the base 
of the frass chain on top of the leaf, or hanging below the leaf (Figure 2.6). Early instar 
larvae rested on the middle or tip of the frass chain, with the body either straight or with 
the anterior portion raised (“front-curved position” of Aiello 1984). If disturbed while 
feeding, larvae retreated to the frass chain and either rested in the front-curved position or 
began adjusting the mass. If further disturbed by touch they would thrash about and head-
butt the source of the disturbance. Early instars rested on frass chain during molts, but 
molting to the sixth instar occurred on the surface of the leaf.  
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Figure 2.6.  Feeding damage typical of A. nea nea. Images illustrate feeding pattern 
and structures made by A. nea nea. In the top image (A) the larva is feeding on the 
portion of the leaf distal to the cut in the typical basal-to-apical manner, consuming 
tissue distal to where secondary, intersecondary and tertiary veins have been cut. In the 
bottom image (B) nearly all the leaf distal to the cut has been consumed.  
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 During the sixth instar the larva rested on the top or underside of the leaf with the 
body straight or in a front-arched-rear up position, and were not observed in the curled-
with-spines-out position (in which the larva is curled to the side in a C or J shape with 
scoli pointing outward all around) typical of other Adelpha (Aiello 1984). Pupation 
occurred on the underside of the leaf or on the rearing bag. 
 Pupa.  Figure 2.7. Duration: x̅ = 9 days, s.d. = 0, n = 6. Typical of species in the 
serpa-group. Pupa is shimmering silver after first day, with dark sutures and orange-
brown highlights. The pupa turns black the day before eclosure. The head has short, 
sickle-shaped lateral projections that are widely separated at the base. The thorax rises 
abruptly from the head and has a dorsal keel that merges into the larger dorsal projection 
Figure 2.7. Pupal images of A. nea nea. Dorsal (A), lateral (B), and ventral (C) views 
are shown. The lateral image was taken the first day of pupation before silver 
coloration formed. 
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on T2. The T2 projection slopes gradually from the head and then drops off abruptly to 
T3, and has a rounded apex. There is also a dorsal projection on A2 that is somewhat 
square when viewed laterally. This projection is curved anteriorly at the apex, and arises 
abruptly on the anterior side. On the posterior side the projection slopes somewhat 
gradually into A3 where a dorsal keel continues with rounded apices on A3-A6. The keel 
on A7 is squared off and slopes abruptly into A8. The T2 and A2 projections greatly 
resemble those of A. serpa. There are short dorsolateral projections present on T2, T3, 
and A2-A4. Those on T2-T3 each make a narrow transverse ridge. The projections on A2 
are a rounded bump, and those on A3-A4 are conical tubercles with a sharp tip. On the 
abdomen these tubercles are dark colored, forming the beginning of a dark dorsolateral 
band that runs dorsal to the spiracles along the length of the abdomen. Ventrolaterally 
starting at A4 there is a dark band that runs to the end of the abdomen. The ventral 
portion of A8/9 has dark curved ridges and the cremaster is dark brown.  
Adult.  Figure 2.4B. The known range of A. nea nea is Costa Rica to Venezuela 
and southern Peru, Amazonian Brazil and the Guianas. Adult morphology of the A. nea 
nea collected in Northeastern Costa Rica and reared in Southwestern Costa Rica match 
descriptions by Willmott (2003b) of the subspecies A. nea nea and reflect previous 
knowledge of range and variation. Individuals from Costa Rica that we have studied do 
not resemble the distinct A. nea sentia (Godman and Salvin, 1884) to the North 
(potentially Guatemala and Nicaragua to Mexico, Willmott (2003b)) and indicate no 
gradation into A. nea sentia. The subspecies are distinguished by A. nea nea being 
entirely orange in cells Cu2-Cu1 and Cu1-M3 of the DFW postdiscal (Willmott 2003b), 
and this is true of all Costa Rica specimens observed so far both in the north (n = 4) and 
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south (n = 4) of Costa Rica. There is variation in the DFW postdiscal band of A. nea nea, 
across its range and in Costa Rica, with cells 2a-Cu2 being either entirely orange, or 
orange and white, and the orange sometimes extending to the anal margin.  
 Adelpha nea nea is a rare species in Costa Rica, and in general throughout its 
range (Willmott 2003b). Adults were only observed four times in ten months of 
fieldwork, all instances at La Selva Biological Station in Sarapiqui, never at Guadalupe 
where immatures were found. Adult males were observed perching from 3-5 m at the 
edges of secondary forest and at 1m in a gap in primary forest, in both the wet and dry 
season (June n = 2, January n = 2). No territorial perching behavior was observed, but it 
seems likely this occurs high in the canopy (~20 m). Males were seen landing on ripe to 
over-ripe fruits of fig trees (Ficus sp., Moraceae), as well as puddling at water droplets on 
top of leaves of Heliconia L. (Heliconiaceae).  
Discussion 
Immature stage morphology and systematics.  The immature morphology 
described here agrees with previous systematic hypotheses and strongly corroborates 
recent phylogenetic analyses. Adelpha naxia and A. heraclea are hypothesized to be 
within the same species group (capucinus group) based on shared adult characters of the 
male genitalia and ventral hind wing pattern (Willmott 2003b). However, adult characters 
in Adelpha are known to be misleading (Moss 1933, Aiello 1984), and Aiello (1984) 
heavily emphasizes the utility in using immatures to determine relatedness between 
species. A recent molecular analysis (Ebel et al. 2015) recovered A. naxia and A. 
heraclea as sister species, and this is supported by several immature stage characters. 
First, these species both use Vitex cooperi as a larval host in Costa Rica, and Aiello 
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(1984) notes that species which feed on Vitex seem more specialized in their food plant 
choice than are most Adelpha species. Second, the pupal morphology is very similar, 
being pearly white in color with black spots and streaks and very similar in shape (Figure 
2.3). Across the genus at large both pupal morphology and food plant use are indicators 
of close evolutionary relationships (Aiello 1984, Willmott 2003b). In addition, although 
larval coloration is exceptionally different in the ultimate instar between the two species, 
both exhibit the longest subdorsal scoli at T2/A2 and A7/8, while noticeably lacking 
supraspiracular scoli, as do other members of this group, including A. malea fundania 
(Fruhstorfer, 1915)(07-SRNP-58380 & 59259) and A. zina lacina (Butler, 1872)(05-
SRNP-2674)(Janzen and Hallwachs 2009). Overall, integrating molecular data with 
information from immature stages provides the best resolution of species relationships in 
the genus.  
Larvae of A. naxia naxia and A. heraclea heraclea closely resemble each other in 
early instar morphology, but may be clearly distinguished in later stages. Larvae can be 
identified beginning in the third instar. At this stage A. n. naxia is significantly darker 
brown in color, the head capsule becomes uniformly black/brown, the T2 scoli are 
significantly more pronounced than all other scoli and are connected by a low prominent 
ridge. In contrast, third instar A. h. heraclea are light brown in color and the scoli on T2, 
T3, and A2 are equally pronounced. Larvae are clearly different by the ultimate instar, 
with A. n. naxia being dark brown and black in color, whereas A. h. heraclea is dull green 
and pink. The pupae are most readily differentiated in that A. n. naxia has the lateral head 
projections more triangular in shape whereas in A. h. heraclea they are rounded (Figure 
2.3) (although described as ‘laterally pointing triangles’ by Willmott (2003b), this more 
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accurately describes those of A. n. naxia when being compared). This is a difference 
similar to that seen between pupae of A. phylaca pseudaethalia (Hall, 1938) and A. 
messana messana (C. & R. Felder, 1867) (CER and RIH pers. obs.; Aiello 2006). 
Additionally, lateral wing projections on the T2-T3 junction are rounded in A. n. naxia 
and pointed in A. h. heraclea, along with differences in placement and shape of black 
spots and streaks (Figure 2.3).  
 Results presented here also corroborate the placement of A. nea within the serpa-
group. The serpa-group is the most strongly supported of the species groups based on 
characters of the male genitalia, wing pattern, pupal coloration, and by being non-
Rubiaceae feeders (Aiello 1984, Willmott 2003b). Adelpha nea is included in the serpa-
group based on adult characters (Willmott 2003b). Adelpha nea’s adult morphology also 
makes it unique within the group, with a unique male valva, and the DFW postdiscal 
band of subspecies A. nea nea entirely orange in cells Cu2-Cu1 and Cu1-M3 (Willmott 
2003b) (Figure 2.4). The immature morphology of A. n. nea also strongly corroborates its 
position in the serpa-group. The relatively large egg, and the shape and shimmering 
silver coloration of the pupa (Figure 2.7), resemble other serpa-group species (e.g. A. 
serpa celerio, A. paraena massilia C. Felder & R. Felder,1867, A. radiata aiellae 
(Willmott & Hall, 1999) (CER & RIH pers. obs.). The presence of conical tubercles on 
T2, T3 and A2-A4 is similar to other derived serpa-group species (Willmott 2003b). The 
sixth instar is very similar to the ultimate instar of other serpa-group species, (e.g. A. 
serpa celerio, A. paraena massilia, A. radiata aiellae) in the arrangement of scoli and 
pattern of flattened spines on the scoli. A. nea nea’s ultimate instar is especially similar to 
that of A. radiata aiellae (CER & RIH pers. obs.) being very similar in color pattern and 
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in the asymmetric arrangement of spines at the apex of the scoli. However, A. nea nea is 
clearly distinguished by the prominent subdorsal scoli on A9 which A. radiata aiellae 
lacks. 
 Implications of Sapotaceae feeding.  Much of the natural history of Adelpha nea 
nea observed here appears to be strongly related to its unique Sapotaceae food plant. 
Various species within the plant family Sapotaceae are known to produce latex (Gentry 
1993) which functions as a potent defense against herbivores (Agrawal and Konno 2009). 
This includes the larval food plant of A. n. nea, Micropholis melinoniana, which has latex 
visible in leaves and stems when torn or cut. To our knowledge this is the first record of 
Sapotaceae being used as a host for the genus Adelpha, or any Neotropical member of the 
family Nymphalidae (Beccaloni et al. 2008, Robinson et al. 2010).  
 Our observations on the egg placement and feeding pattern in A. nea nea indicate 
that these are likely adaptations to overcome the latex defense of its host Micropholis 
melinoniana. Eggs were placed on older damaged leaves adjacent to fresh undamaged 
leaves, and young larvae found in the field were on previously damaged leaves. During 
rearing the larvae had equal access to old damaged leaves and young leaves, and 
preferentially fed on the older damaged leaves. Field observations also indicated that the 
older leaves have reduced latex (C.E.R pers. obs.). Thus the observed female oviposition 
and larval preference for older leaves likely reduced latex ingestion and increases larval 
survival.  
 An additional reason for selection of damaged leaves could be the feeding 
difficulty associated with the durability of this food plant. A healthy third instar A. nea 
nea larva was given a young undamaged leaf with an entire margin to feed on in place of 
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its original damaged leaf. This individual died the following day with no damage seen to 
the leaf and no obvious cause of death other than starvation. These observations suggest 
the small early-instar larva was unable to chew through the thick border of M. 
melinoniana leaves, and it was not only latex defense. This is important to consider for 
future rearing of Adelpha, as giving larvae leaves with whole margins may result in 
unwanted fatalities. An alternate interpretation is that the larva rejected the host leaf 
because of secondary defenses other than latex in the young leaf. However this does not 
seem to be the case because the leaf was from the same tree as all other leaves fed to the 
larvae reared in this study.  
 The basal-to-apical trenching feeding pattern we described here for A. nea nea 
(Figure 2.6) appears to be unique compared to other Adelpha, and likely reduces latex 
consumption. Adelpha species that we have studied, like A. n. naxia, feed by removing 
apical (or marginal) leaf tissue from both sides of the frass chain first, and working their 
way back toward the base (or midvein) of the leaf. In contrast, A. n. nea feeds in a basal-
to-apical feeding pattern by trenching, which is likely a mechanism for severing the 
lateral veins that contain latex, where the larvae can thereafter feed distal to the cut 
without encountering latex. Other insects feeding on latex-defended plants, such as 
milkweeds (Asclepias L., Apocynaceae), have evolved this behavioral defense, where 
they sever the veins of the leaf to stop the flow of latex before feeding (Dussourd and 
Eisner 1987).  
 The presence of six instars and long development time in A. nea nea appear to be 
relatively unique in Adelpha and are likely additional adaptations to its Sapotaceae host. 
All A. nea nea larvae reared on M. melinoniana were observed to molt to six instars. This 
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is in contrast to the five instars typical of other Adelpha species, although Aiello (1984) 
observed A. basiloides Bates 1865 occasionally molting to sixth instar. Aiello (1984) 
noted that the sixth instar of A. basiloides only occurred in individuals feeding on 
Amaioua corymbosa, and that this occurred in only a portion of individuals. In addition to 
the number of instars, the total development time of A. n. nea appears to be ~10 days 
longer when compared to another serpa-group species (A. serpa celerio) reared on the 
Osa Peninsula (C.E.R. pers. obs.). Aiello (1984) observed that A. basiloides individuals 
showed an extended development time when feeding on Amaioua corymbosa whether 
they went through five or six instars. Together these observations suggest variation in 
development time in Adelpha may represent individual responses to food plant quality or 
defenses. Thus the sixth instar and extended development time in A. nea nea may be 
specific to M. melinoniana, and likely help A. n. nea to feed on this well-defended food 
plant. 
 The discovery of novel larval hostplant families and life histories in a country 
such as Costa Rica where the butterfly fauna has been intensively studied (DeVries 1987, 
1997, Janzen and Hallwachs 2009) indicates that there remains much to be discovered 
about Adelpha. For example while adults of A. nea nea were observed at La Selva 
Biological Station the immatures remain unknown there, and according to botanist 
Orlando Vargas (pers. com.) the food plant M. melinoniana has not been found on the 
station property. The presence of adult A. n. nea could mean that the host remains to be 
found there or very close by, or that A. n. nea uses an additional unknown host, or 
perhaps it is transient at LSBS, showing up when it is especially abundant elsewhere. The 
fresh condition of individuals observed at LSBS suggests it is resident, making it most 
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likely that it uses a different but as yet unknown host there. It would be typical for an 
Adelpha species to use hosts from multiple species, genera and even families (Aiello 
1984, Willmott 2003b, Janzen and Hallwachs 2009). This is especially true for species 
within the serpa-group who feed on the greatest variety of plant families (Aiello 1984, 
Willmott 2003b, Janzen and Hallwachs 2009). With the discovery of this potential 
additional host we may be able to determine whether six instars is a general trait for A. n. 
nea, or whether it is due to the food plant. Observations recorded here indicate that we 
are still just developing our understanding of Adelpha host breadth. 
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Chapter 3: Testing Species Boundaries in Adelpha Butterflies Using Multiple Lines 
of Evidence 
 
Introduction 
 Plants and insects are two of the most diverse lineages of terrestrial life 
(Wahlberg et al. 2006). These two groups share a clear ecological relationship through 
herbivory, and it has long been recognized that insect diversity can be attributed to 
adaptation to, and coevolution with, their host plants (Ehrlich and Raven 1964). Insects 
may radiate on to previously unused host diversity, or host plants may evolve defenses in 
response to their herbivore parasites, with parasites evolving to overcome those defenses 
in a reciprocal coevolutionary process (Futuyma and Agrawal 2009).  
 The coevolution of plants and insects can lead to adaptive radiation. Adaptive 
radiation occurs when an insect species evolves to use a new host plant lineage, allowing 
many new plant species to be exploited, and subsequent rapid insect speciation. This has  
typically been thought to have occurred in insects overcoming plant chemical defenses 
that deter other phytophagous predators (Ehrlich and Raven 1964). During the 
coevolution process, if the herbivores develop traits that allow them to overcome a plant 
lineage’s chemical defense, they can rapidly expand their host plant niche (Ehrlich and 
Raven 1964). By filling this vacant food plant niche the insect species experiences 
possible competitive release, as well as geographic expansion, as they disperse onto the
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 new plants, with subsequent reproductive isolation occurring as a result of the 
geographic isolation and new host plant chemistry.  
 The adaptation of insects to a new host plant includes trade-offs, thus limiting the 
amount of novel adaptations, and often creating specialist insect species (Bush 1969). 
The specialization of insect to host may lead to reproductive isolation, as the plant 
compounds may deter other insect species and alter chemical recognition signals. 
Lepidoptera are one of the most well-studied herbivore groups, and a great majority of 
butterfly species are specialists while in their immature stages. Data compiled from the 
Neotropics indicate nymphalid species are generally specialized to family level. 
Tabulating data from Beccaloni et al. (2008) for the known hostplants of Neotropical 
butterflies, shows 86% of the nymphalid species have been found to feed on only one 
family of host plant, and 96% of species feed on three or less host families (Table 1.1).  
 Despite the overwhelming majority of family specialists, a few nymphalid genera 
have species that standout as having relatively wide host breadth. Examples of this 
include Caligo, Archaeoprepona, and Adelpha. As mentioned in Chapter one, a 
particularly interesting case is seen in the genus Adelpha. While 41 out of 42 described 
species of Adelpha utilize three or less host families, Willmott (2003b) lists A. serpa 
(Boisduval 1836) as using 13 genera of plants among [5] families. Thus, within 
Nymphalidae, A. serpa has the widest host breadth of all species, excepting 
Archaeoprepona demophon L. (Table 1.1) (Beccaloni et al. 2008).  
 A closer look at A. serpa indicates that the wide host breadth is associated with 
subspecies A. s. celerio (H. W. Bates, 1864). Whereas all other A. serpa subspecies are 
limited to one host family, recent work including observations here, indicate A. s. celerio 
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utilizes plants from eight families (Constantino 2002, Willmott 2003b, Janzen and 
Hallwachs 2009, Rush & Hill pers. obs.).  
 There are two potential hypotheses for the distinctiveness of A. s. celerio in its 
host plant use: 1.) A. serpa celerio is unique within Adelpha in being a generalist, or 2.) 
A. serpa celerio harbors cryptic species. Recent barcode data from northern Costa Rica 
has indicated there are two haplogroups of the mitochondrial gene cytochrome oxidase 
subunit I (i.e. Co1 the “DNA barcode”) within A. serpa celerio that are separated by 1-
2% difference (A. s. celerio DHJ0I and DHJ02)(data from D.H. Janzen). This suggests 
the potential for cryptic species that may correlate with host plant differences, confirming 
hypothesis 1.  
 It is premature, however, to conclude there are two species for several reasons. 
First, mitochondrial genes have more rapid mutation rates than nuclear genes and may 
represent local demography rather than distinct lineages. This is particularly relevant here 
because the two haplogroups are not equally represented in northern Costa Rica, and they 
could be representing regional diversity that may be affected by the geographic patterns 
related to the mountains in Costa Rica, or perhaps ancestral polymorphism. In other 
words, it is possible that the mountains act as a barrier that has limited gene flow so that 
different mtDNA haplogroups are associated with either side, but no other differences 
exist. Thus, differences in mtDNA may not actually represent ecologically relevant 
species (Hill et al. 2012, Hill et al. 2013). 
 In addition to host breadth, there are several additional reasons that Adelpha serpa 
is an excellent example of the potential for unrecognized tropical diversity. Adelpha 
serpa is a relatively common species west of the Andes, and is found throughout the 
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Neotropics from Mexico to Venezuela to Paraguay. It inhabits a wide variety of habitats 
including both wet and dry forests, from sea level to 1700m (Willmott 2003b). Adelpha 
serpa celerio ranges from Mexico to western Columbia and northwestern Venezuela, 
along the eastern Andes to Meta in Colombia (Willmott 2003b). This represents a wide 
niche breadth for what appears to be a single subspecies, especially in the tropics, which 
have been hypothesized to have a narrowed niche breadth (MacArthur 1972, Vázquez 
and Stevens 2004). Closely related species highlight this oddity, as other members of the 
serpa-group are more often rare with narrower ranges (Willmott 2003b).  
 Thus, this study combines mtDNA markers of A. s. celerio with data on its 
geography, host plant use, adult morphology and larval morphology to test whether A. s. 
celerio haplogroups are ecologically relevant cryptic species, or instead, represent 
variation within a generalist herbivore. In addition, we also examine mtDNA for nearly 
all serpa-group species. This provides a comparative context for mtDNA differences 
within and between taxa that are closely related to A. serpa, to help understand the nature 
of mtDNA variation among otherwise well-differentiated species in this lineage. 
Methods 
Sampling and geographic distribution.  Samples from as many species as were 
available within the serpa-group were included in the dataset in order to adequately 
delimit species boundaries within the group. In total, 297 samples were used from across 
a broad geographic range, from Mexico to Brazil. A summary of samples is provided in 
Appendix Table A1. Honduras, Mexico, Panama, Ecuador, and French Guiana samples 
were provided by collaborators or retrieved from BOLD or GenBank. A portion of Costa 
Rica host records and samples from the Area Conservacion Guanacaste were provided by 
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D.H. Janzen or downloaded from GenBank. The remainder of samples from Costa Rica 
were collected via aerial net or as immatures on host plants by C.E.Rush and R.I.Hill. 
Immature and adult samples were preserved for later extraction in either 95% ethanol or 
RNAlater (Ambion, Inc.). Adult wings were saved and dried in glassine envelopes for 
morphological comparisons. Species names follow that of Willmott (2003b), and include 
the recent changes made by Willmott and Hall (2013). 
It is possible that A. s. celerio haplogroups are separated geographically, with 
overlap in Costa Rica. In other species, the mountain geographic barrier dividing Costa 
Rica into Atlantic and Pacific slopes has been associated with mtDNA lineages (Hill et 
al. 2013). To test for geographic differences, samples were analyzed from countries both 
north and south of Costa Rica, as well as east and west north, and south of the mountain 
range, and sequenced to determine haplogroup.   
 DNA extraction.  Adult tissue used in DNA extractions came from either the 
thorax, legs, or abdomen. Tissue for larval samples included the entire thorax and 
abdomen if from an early instar (i.e. 1st or 2nd), or abdominal segment A3 or A4 for a 
later instar. The extraction of genomic DNA was done using reagents from the QIAGEN 
DNeasy extraction kit. Protocol followed the manufacturer’s instructions, with two 
Table 3.1. Primers used in amplification of Co1
Amplicon Primers Primer sequences (5'-3') Tm
mtDNA Lep 3.1f
TCTACAAATCATAAAGAT
ATTGGAACATT
Co1 Lep 3.1r
AAATTTTAATTCCTGTTG
GTACAGC
mtDNA
Co1
55
58LCO
GGTCAACAAATCATAAA
GATATTGG
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modifications. Samples were incubated overnight at 56° C rather than the suggested 1-3 
hours in order to achieve a more thorough lysis. Also, samples were eluted twice with 
Buffer AE, with two 50 ul for small larvae, or two 100 ul elution steps for large larvae 
and adults.  
 mtDNA sequencing.  Mitochondrial gene cytochrome oxidase subunit 1 
(hereafter Co1) is commonly used in arthropods for DNA barcoding analyses (Hebert et 
al. 2003), and so was chosen to be used here to make use of available data and contribute 
to the growing databases for this marker. Polymerase chain reaction (PCR) was 
conducted for Co1 using various combinations of primers depending on sample source 
and amplification success. Primer information can be found in Table 3.1. A BioRad 
C1000 thermocycler was used for PCR amplification. Amplification was done with the 
following generalized protocol: 8x cycling stage of 94° C for 45 seconds, 47° C for 60 
seconds, and 72° C for 120 seconds, followed by a 35x cycling stage of 94° C for 45 
seconds, 50° C for 60 seconds, 72° C for 120 seconds, and final elongation at 72° C for 6 
minutes. Visualization of PCR products was conducted using a 1% Agarose gel to check 
for proper amplification and for possible contamination. PCR amplicons were sequenced 
using both the forward and reverse primers. 
 Sequencing was outsourced to Sequetech Corporation (www.sequetech.com). 
Sequence contigs were aligned using Lasergene SeqMan software from DNASTAR, Inc., 
and manually edited for consistency and accuracy. Alignments were created in MUSCLE 
(Edgar 2004) and checked manually in MESQUITE (Maddison and Maddison 2010) for 
errors or ambiguities. Sequences were trimmed to 569bps for all individuals, as this 
length included the greatest number of individuals with complete data. Samples with less 
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than 569 bps or poor sequence data were excluded from the final analysis.  
 Cluster and distance analysis.  Neighbor-Joining trees were generated in 
MEGA6.06 (Tamura et al. 2013), with bootstrap values generated from 500 iterations. 
Bootstrap values were excluded from Figure 3.1 for clarity, except on nodes relevant to 
the questions at hand. Bootstrap values for all nodes are included in Appendix Figure A1. 
Trees were rooted using Adelpha tracta (A. Butler, 1872), which is an appropriate 
outgroup because it is part of the alala-group, a lineage closely related to the serpa-group 
(Ebel et al. 2015). 
  The average percent pairwise distances were calculated using MEGA6.06. This 
was done in two ways based on the resulting Neighbor-Joining tree: grouped by species, 
and grouped by mtDNA haplogroups (clusters).  
 Ecology, morphology, and geographic data.  To determine whether any existing 
mitochondrial haplogroups of A. s. celerio are ecologically relevant, data on immature 
host plants, adult morphology, immature morphology and geographic range were scored 
to test for differences among haplogorups.  
 Larval host plant records were obtained in two main ways, all within Costa Rica.  
Janzen and Hallwachs (2009) caterpillar database provides host records for samples 
collected in the Area Conservacion de Guanacaste of northwestern Costa Rica. These 
samples have already been designated DHJ01 or DHJ02, and so were included in our host 
plant analysis regardless of whether we include them on our 569bp tree, since previous 
analysis identified them to haplogroup. The remaining records were generated in an 
extensive field study between May 2015 and July 2016 in various regions of Costa Rica. 
These regions most prominently include: La Selva Biological Station and sites on the 
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Atlantic slope in northeastern Costa Rica, and sites on the Osa peninsula in the southwest. 
Host plant records for any and all Adelpha species were generated by collection and 
rearing of larvae and documentation of the host plant on which each individual was 
found. Host plant identities were confirmed by local botanists, either Orlando Vargas or 
Reinaldo Aguilar F. Individual larvae were located by visually searching known host 
plants, as well as close relatives (i.e. congeners) and any plant that presented a “frass 
chain” which is created by early instars.  
 Collected immatures were reared to adulthood where possible, allowing immature 
morphology to be studied, as well as to provide adult morphology and  accurate species 
identification before sequencing. Individuals were reared separately in plastic bags hung 
from a line in ambient conditions. Bags were wiped out daily using toilet paper. Eggs, 
larvae and pupae were checked daily to record data on duration of each stage. Images of 
immatures were taken for post-hoc analyses using a Nikon D7000, and Micro Nikkor 
105mm lens fitted with extension tubes (Kenko) and a ring flash (Nikon SB-R200 
Speedlight).  
 Adult and larval morphological comparisons were made using larval and adult 
photos, and dried wings. Morphological terminology follows that described and used by 
Willmott (2003b) and Aiello (2006). A total of 23 characters were chosen that were 
specified as phylogenetically informative within the genus by Aiello (1984) or Willmott 
(2003b), and/or showed polymorphism within A. s. celerio. Larval characters are shown 
in Figure 3.1, with adult characters shown in Figure 3.2. Categorical traits were scored in 
each individual with associated sequence data. Generalized linear models were used to 
test whether these categorical adult, larval or pupal characters were significant predictors 
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of haplogroup membership. The binomial family with logit link function was used 
because the response variable was binomial (serpa-1 group or not). Analyses were done 
in R 3.4.0 (R_Development_Core_Team 2016) using the glm() function.  
 Three continuous adult wing characters were tested for significance in an 
additional way, as they are numerical data rather than categorical. The width of the 
orange subapical marking was measured (which was determined by the width of the 
second bar), as well as the relative size of the second and first bar of the orange subapical 
marking, and the relative size of the second and first white squares of the postdiscal band 
(Figure 3.2). A Shapiro-Wilk normality test was implemented using R 3.4.0, to test 
whether the data were normally distributed. Differences between haplogroups were tested 
using a Wilcoxon rank sum test with continuity correction for data that was not normally 
distributed, and a Welch two sample t-test for data that was normally distributed. 
Figure 3.1. Larval characters scored for comparison. A: width of the head capsule 
vertical stripe, B: coloration of head capsule gena patch C: color of dark thorax stripe D: 
proleg black patch E: number of spines on A1 subdorsal scoli. 
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 Additionally, the percent reflectance of the forewing (FW) orange subapical 
marking, and white postdiscal band in FW and hindwing (HW) were compared among 
haplogroups. Reflectance measurements were made with a JAZ spectrometer (Ocean 
Optics Inc., FL, USA) and 200 μm UV/VIS bifurcated fiber optic cable. Before each 
individual was measured a patch of black satin was scanned as a dark reference, and a 
Spectralon certified reflectance standard (Labsphere) was scanned as a white reference. 
Each individual was measured on the dorsal wings in three places: orange forewing tip 
patch in cell M1, white postdiscal forewing band in cell Cu2, and white postdiscal 
hindwing band in cell M2. Each color patch was measured three times. Custom R (3.4.0) 
scripts were written to average each spectrum at 5 nm intervals. The three spectra for 
each color patch were averaged, and then a mean and 95% confidence interval were 
Figure 3.2. Adult characters scored for comparison. A: R5-M1 inner submarginal series, B: 
M3 inner submarginal series, C: orange in Cu2 outer postdiscal cell, D: color of the ventral 
postdiscal band, E: VFW Cu2 bars, F: VFW discal bars 2 and 3, G: DFW relative width of the 
M1 orange, H: DFW relative width of the white Cu1 postdiscal cell. 
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calculated for the averaged spectra at 5 nm intervals among five individuals from each 
sex and haplogroup.  
Results 
Neighbor-Joining tree.  A dataset consisting of 569 bp for 246 samples 
(Appendix Table A1.) was used for the final analysis of serpa-group species identity and 
relationships. This dataset was used because it offered the highest number of individuals 
with the greatest amount of data. The Neighbor-Joining tree (Figure 3.3 and Appendix 
Figure A1) showed 16 main clusters corresponding to species, subspecies and geography 
within species. Bootstrap values associated with species were generally high, but values 
between species clusters and within some of the more variable species were low. 
All Adelpha serpa exemplars clustered together and three mtDNA haplogroups 
were found within A. serpa. The Neighbor-Joining tree indicated monophyly of A. serpa 
with high bootstrap support (1.0). Within A. serpa, the first cluster of individuals 
included all of D. Janzen’s previously designated DHJ02 samples, so it is designated here 
as serpa-2. The serpa-2 cluster had a bootstrap value of 0.88 and included specimens 
from Honduras, Mexico, northeast Costa Rica, northwest Costa Rica, southwest Costa 
Rica, and Panama. The other two clusters were grouped together with a low bootstrap 
value of 0.57. One of these included all D. Janzen’s previously designated DHJ01 
individuals, and so was designated as serpa-1. This cluster had a bootstrap value of 0.79 
and also included samples of A. s. duillae from western Ecuador. The serpa-1 cluster 
included specimens from Honduras, Mexico, northwest Costa Rica, southwest Costa 
Rica, and Ecuador (A. s. duillae). The third cluster, designated as serpa-3, had a bootstrap  
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value of 0.87. The serpa-3 cluster consisted entirely of individuals of A. s. diadochus 
from east of the Andes in South America. 
Adelpha californica (Butler, 1865) samples all clustered together with a bootstrap 
value of 1.0, and were grouped together with A. serpa but with a low bootstrap value of 
0.50. Adelpha radiata (Fruhstorfer, 1915) from Costa Rica all clustered together with a 
bootstrap value of 1.0, but the A. radiata gilletella from French Guiana did not cluster 
with the other A. radiata (however, A. r. gillatella is still included as part of the A. 
radiata cluster). Costa Rican A. radiata clustered with A. paraena (Bates, 1865) samples 
but with a low bootstrap value (0.47). Adelpha paraena had two distinct clusters, both 
with bootstrap values greater than 0.90, and was separated geographically. The first 
cluster included all individuals from Ecuador and French Guiana, corresponding to A. p. 
paraena, and was designated paraena-1. The second includes subspecies A. p. massilia 
individuals from Costa Rica, and was designated paraena-2. 
Adelpha hyas (Doyère 1840) and A. seriphia (C. Felder & R. Felder, 1867) were 
clustered based on their species identification, with the exception of a single A. s. aquillia  
(Fruhstorfer, 1915) which clustered with A. margarita (Willmott and Hall 2013). Adelpha 
godmani (Fruhstorfer, 1913) and A. margarita were grouped together with high bootstrap 
support (0.94). However, the A. godmani individuals did not all cluster together, and were 
generally clustered geographically. The A. godmani from northwest Ecuador were 
designated godmani-1, while a group of A. godmani comprised of individuals from 
Mexico, Central America and Western Colombia were designated godmani-2. Adelpha 
margarita and godmani-2 clustered together with a low bootstrap value (0.56). 
 
 
57 
 
 
T
a
b
le
 3
.2
. 
A
v
er
a
g
e
 r
a
w
 p
er
ce
n
t 
p
a
ir
w
is
e 
m
tD
N
A
 d
is
ta
n
ce
s 
w
it
h
in
 (
a
lo
n
g
 d
ia
g
o
n
a
l)
 a
n
d
 b
et
w
ee
n
 s
p
ec
ie
s.
S
p
ec
ie
s
californica
diocles
godmani
hyas
margarita
nea
paraena
paroeca
radiata
seriphia
serpa
ca
li
fo
rn
ic
a
0
.5
d
io
cl
es
0
.0
n
/c
g
o
d
m
a
n
i
7
.2
7
.7
1
.8
h
ya
s
6
.8
7
.3
4
.9
0
.0
m
a
rg
a
ri
ta
6
.7
6
.9
2
.5
4
.6
0
.1
n
ea
7
.5
8
.0
6
.8
7
.1
6
.7
2
.3
p
a
ra
e
n
a
7
.0
8
.3
5
.9
5
.6
6
.6
7
.1
2
.1
p
a
ro
ec
a
7
.2
7
.9
4
.6
5
.3
4
.2
6
.2
5
.1
n
/c
ra
d
ia
ta
6
.5
7
.5
5
.4
5
.0
5
.5
6
.5
3
.6
4
.7
0
.7
se
ri
p
h
ia
6
.8
7
.9
4
.2
4
.3
4
.3
6
.8
5
.6
3
.8
4
.9
1
.8
se
rp
a
4
.5
6
.7
4
.9
5
.7
5
.0
6
.7
5
.0
4
.8
4
.0
5
.5
0
.5
58 
 
Some of the most distinct intra-specific clustering was seen in A. nea nea 
(Hewitson, 1847). Samples from French Guiana came out together with a bootstrap 
support of 1.0, and had long branch lengths compared to those from Costa Rica. The A. 
nea nea from French Guiana also clustered with the sample from Ecuador, and this 
cluster was designated nea-1. Samples of A. nea nea from Costa Rica clustered together 
with high bootstrap support (0.99), and were designated nea-2.  
 In summary, based on the Neighbor-Joining tree, A. godmani A. nea and A. 
paraena were each split into two clusters, while A. serpa was split into three clusters. The 
remaining species generally clustered by species name. 
 Between-group Co1 distance.  An average pairwise distance analysis was 
performed in two ways: based on species names, and based on clusters. The A. s. aquillia 
that clustered with A. margarita was left in the A. seriphia cluster for both analyses, 
because its morphology matched that of A. seriphia and the sample represents variation 
of Co1 within A. seriphia.  
 When analysis was performed using morphological identification of species, 
many species showed high intraspecific variation (Table 3.2 and Figure 3.4). Intraspecific 
variation for both A. paraena and A. nea were above the generally accepted species 
threshold of 2% for Lepidoptera (Hebert et al. 2003). Adelpha serpa showed little 
intraspecific variation, at 0.46%. When considering interspecific variation, the average 
between all serpa-group species was 5.9%. The lowest interspecific variation was seen 
between A. godmani and A. margarita (2.5%). 
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Figure 3.4. Average raw percent pairwise mtDNA distance. Results 
measured as species (top) and clusters (bottom) in 0.5% bins. 
within-cluster 
between-cluster 
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When analysis was performed based on clusters, the intra-cluster variation was 
much lower, with all intra-cluster variation below the 2% threshold (Table 3.3 and Figure 
3.4). All clusters except for nea-1 and A. seriphia had 1% or less intraspecific variation. 
The serpa-3 cluster had the lowest intra-cluster variation excepting A. hyas, with serpa-3 
at 0.03%. When considering inter-cluster variation, the comparisons between the A. serpa 
clusters had the lowest inter-cluster variation, between 1.1% and 1.3%. The A. godmani, 
A. paraena, and A. nea clusters showed greater than 3% distance between their respective 
clusters 1 and 2.  The overall average inter-cluster distance for the serpa-group was 5.7%.  
Host plant use.  Within Costa Rica, A. serpa celerio uses eight host families 
(Table 3.4). Three families were previously noted by Willmott (2003b), and records 
gathered by Janzen (pers. comm.) and Constantino (2002) increased this to seven. Recent 
field work on the Osa peninsula in Costa Rica added one additional plant family, 
Verbenaceae (Rush and Hill pers. obs.). In total, 171 host records were gathered from 
various sources, and from available samples among those various sources, 31 specimens 
were identified as Co1 haplogroup serpa-1, and 136 were determined as serpa-2 
(Appendix Table A1.).   
There was overlap in the host plant use of serpa-1 and serpa-2, although serpa-2 
was found on a wider range of hosts than serpa-1. Both clusters were found on 
Melastomataceae, Malvaceae, and Vochysiaceae, whereas serpa-2 was also found on 
Urticaceae, Proteaceae, Euphorbiaceae, and Verbenaceae. Immatures were found most 
often on Conostegia xalapensis (Bonpl.) D. Don ex DC., in almost equal frequencies 
(Table 3.5). 
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Family Genus species Record Source
Acanthaceae Trichanthera gigantea Constantino (2002)
Euphorbiaceae Croton bilbergianus Janzen and Hallwachs (2009)
Malvaceae Heliocarpus americanus Willmott 2003b APPENDIX C
Heliocarpus appendiculatus Janzen and Hallwachs (2009)
Ochroma pyramidale Willmott 2003b APPENDIX C
Triumfetta lappula Janzen and Hallwachs (2009)
Melastomataceae Conostegia xalapensis Willmott 2003b APPENDIX C
Conostegia subcrustulata Janzen and Hallwachs (2009)
Conostegia micrantha Janzen and Hallwachs (2009)
Leandra grandifolia Janzen and Hallwachs (2009)
Miconia sp. Willmott 2003b APPENDIX C
Miconia argentea Willmott 2003b APPENDIX C
Miconia laevigata Willmott 2003b APPENDIX C
Ossaea micrantha Janzen and Hallwachs (2009)
Proteaceae Roupala montana Janzen and Hallwachs (2009)
Urticaceae Cecropia peltata Willmott 2003b APPENDIX C
Myriocarpa longipes Willmott 2003b APPENDIX C
Urera sp. Willmott 2003b APPENDIX C
Verbenaceae Citharexylum cf donnel-smithii Rush and Hill
Vochysiaceae Vochysia ferruginea Janzen and Hallwachs (2009)
Table 3.4. Hosts known to A. s. celerio. 
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Morphology.  A total of 24 characters were scored for A. s. celerio specimens. 
Sixty-four samples were scored, 28 of which were serpa-1 and 36 or which were serpa-2. 
No character examined was unique to either serpa-1 or serpa-2, and all overlapped to 
some extent. However, some traits were significantly associated with serpa-1 or serpa-2 
clusters based on the generalized linear model (Table 3.6.). The generalized linear model 
found five characters to be significant in predicting group membership (Table 3.6). Adult 
characters were the most revealing of haplogroup, and had four significant characters. 
Among immature characters, no larval characters were significant, but one pupal 
character was significant. 
The ratio of the second and first bars of the DFW orange subapical marking 
(Welch’s t-test: p = 0.068 t = -1.85 df = 61.9), and the size of the DFW orange subapical 
marking did not differ significantly between serpa-1 and serpa-2 (Wilcoxon test: p = 
0.242 W = 591). There was a significant difference in the ratio of the width of the second 
and first cell of the postdiscal series according to the Wilcoxon test (p = 0.003 W = 271). 
The difference in the postdiscal series is in the width of the second cell of the postdiscal 
series. The first cell of the postdiscal series is ~4.25 mm in both clusters, while the 
average of the second cell for serpa-1 and serpa-2 is 5.03 mm and 5.16 mm, respectively. 
Finally, a difference between serpa-1 and serpa-2 was observed in the reflectance 
spectrum of the female dorsal HW postdiscal white band at ~500 nm (Figure 3.5). Based 
on the 95% confidence intervals, serpa-1 shows higher reflectance than serpa-2 in this 
blue-green region (Figure 3.5). In addition, female serpa-1 tended to have higher values 
of blue-green in the dorsal FW white band, and higher values in dorsal FW orange, but 
the error bars overlapped (Figure 3.5). For males, the lowest wavelengths in the 
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ultraviolet region near 300 nm in the dorsal HW white differed significantly based on the 
95% confidence intervals. Males showed no observable difference in dorsal FW orange 
spectra, but males of serpa-2 tended to have higher values in the blue-green region of the 
spectrum in the dorsal FW and HW discal band, but again the error bars overlapped. 
 
Adult characters
Coefficient z Pr (>z)
Intercept 47.649 3.195 *0.001
vFW inner postdiscal red-orange 0.814 1.093 0.274
vFW M3 inner submarginal strong white -0.717 -0.605 0.545
vFW M3 inner submarginal weak white 0.335 0.317 0.751
vFW R5-M1 inner submarginal strong white -0.290 -0.147 0.883
vFW R5-M1 inner submarginal weak white 0.149 0.154 0.878
vFW Cu2 bars tapered -0.175 -0.187 0.852
vFW Cu2 outer postdiscal orange present -1.938 -2.379 *0.017
vFW discal bars 2 and 3 separate 0.547 0.590 0.555
dFW orange subapical spot intermediate -2.604 -1.990 *0.047
dFW orange subapical spot smeared -1.683 -0.944 0.345
dFW relative width Cu1 postdiscal white -23.702 -2.455 *0.014
dFW relative width M1 orange -13.327 -2.776 *0.006
Table 3.6. Results of generalized linear model to determine significance of 
characters in predicting haplogroup. Significant predictors are indicated with an 
asterick. 
Larval characters
Coefficient z Pr (>z)
Intercept -16.814 -0.004 0.997
Head capsule dark genal patch prominent 1.183 0.601 0.548
Head capsule dark genal patch weak 1.194 0.870 0.384
Head capsule frons vertical stripe narrow 15.780 0.003 0.997
Head capsule frons vertical stripe wide 15.477 0.003 0.997
A3 proleg black patch present 19.061 0.005 0.996
A4 proleg black patch present -18.680 -0.005 0.996
A5 proleg black patch present 1.052 0.967 0.334
A1 subdorsal scoli with intermediate spines 0.175 0.191 0.848
A1 subdorsal scoli with many spines -1.753 -1.289 0.197
Thorax with lateral solid black stripe -1.344 -1.041 0.298
Pupal characters
Coefficient z Pr (>z)
Intercept 0.884 1.024 0.306
Head horn angle oblique -2.238 -2.286 *0.022
Head horn tip straight 0.875 0.888 0.375
Abdominal dark spots present -1.381 -1.011 0.312
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Figure 3.5. Reflectance measurements. Measurement results for dorsal wings of 5 
females (left) and 5 males (right) in serpa-1 and serpa-2, all from Guadalupe, 
Puntarenas province of Costa Rica. Mean is shown with error bars representing 95% 
confidence interval.  
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Discussion 
 Molecular analysis.  Overall, the Co1 barcode appears to perform well in 
delimiting species within the serpa-group. Species were generally recovered as predicted 
by morphological identification, with several noteworthy clusters appearing within them 
(discussed below). Due to limited sample sizes and/or relatively limited geographic 
sampling in other papers that included serpa-group species, these patterns have, until 
now, gone undetected (except, of course, in A. s. celerio). Despite all serpa-group species 
being well established as closely related, they showed high interspecific distances, 
ranging from 2.5% to 8.3% with an average of 5.9% (Figure 3.4). These values changed 
very little when distance was analyzed based on Co1 clusters rather than species names 
(2.4% to 8.7%, with an average of 5.7%) (Figure 3.4). From this we conclude that, with 
few exceptions, Co1 confirms serpa-group species concepts based on wing morphology.  
 Unexpectedly, three species had high intraspecific variation when examining Co1 
distance within species. These three species also separated into two clusters each. Based 
on this, we suggest that these species potentially harbor unrecognized species diversity. 
Each is discussed in turn below. 
 Two distinct clusters were observed within Adelpha paraena, each with bootstrap 
values greater than 0.90. The intraspecific variation of 2.1% within A. paraena is higher 
than is typical for serpa-group species (Figure 3.4). When examining intra-cluster 
variation, the intraspecific variation of paraena-1 and paraena-2 was reduced to 0.93% 
and 0.97%, respectively. These values fall within the range of intraspecific variation 
typical of other serpa-group species (Figure 3.4). Furthermore, the distance between 
68 
 
paraena-1 and paraena-2 clusters is 3.3%, within the typical range for serpa-group 
species-level difference.  
 The two paraena clusters also display a distinct morphological difference, similar 
to typical differences between Adelpha species. The paraena-1 cluster is made up of the 
subspecies A. p. paraena (H. W. Bates 1865), which has three spots in the DFW 
postdiscal series, whereas paraena-2 is made up of A. p. massilia (C. & R. Felder, 1867), 
with four spots in the DFW postdiscal series. Two more subspecies exist within A. 
paraena that were not sampled here. Based on results here we predict that A. paraena 
lecromi (Willmott, ssp. nov.), which also has three spots in the DFW postdiscal series, 
would be more closely related to A. p. paraena. In comparision, A. paraena reyi (Neild 
1996) with four spots would be more closely related to A. p. massilia. These putative 
relationships between A. paraena subspecies make sense based on the ranges as well, 
although some intergradation between A. p. massilia and A. p. lecromi apparently occurs 
in Panama (Willmott 2003b). Given the data examined here, we conclude that the two 
mtDNA haplogroups present within A. paraena likely represent separate species. Further 
sampling and morphological comparison is needed to evaluate this hypothesis. 
 Adelpha godmani is the most challenging species to explain among those 
examined here. In a recent analysis by Willmott and Hall (2013), A. seriphia godmani 
was found to be sister to the newly discovered A. margarita, and was elevated to species 
level, becoming A. godmani. However, with our additional samples it is not as clear. 
Specimens from Mexico, Costa Rica, and Colombia were grouped together (bootstrap = 
0.64) in a cluster (godmani-2) that came out with A. margarita with a low bootstrap value 
(0.56). The distances between the godmani-1, godmani-2, and A. margarita clusters are 
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between 2.4%-3.0%, which is above the generally accepted 2% species threshold. 
However, these are the lowest values within the serpa-group species samples for inter-
cluster variation (excluding A. serpa clusters) (Figure 3.4). Thus, the low bootstrap values 
together with the relatively low inter-cluster distances may indicate three A. godmani 
subspecies rather than full species. Further sampling and morphological comparison is 
needed to understand the patterns occurring in A. godmani and A. margarita.  
 The species with the highest intraspecific variation (2.3%) was A. nea (Figure 
3.4). Intra-cluster variation within nea-1 was also relatively high, however this was due to 
the individual from Ecuador. Without this individual, the variation within nea-1 was 
reduced from 1.9% to 0.5%, and the bootstrap value increases from 0.57 to 1. Perhaps 
with the analysis of more individuals from Ecuador, there will be a distinct Ecuador 
cluster.  
 The nea-1 and nea-2 clusters also had the highest inter-cluster variation (Figure 
3.4), offering the highest support for cryptic species in our analysis. Very little is known 
about A. nea. This species is very rare throughout its range, and the first records of its 
natural history are described in the previous chapter. Before this study, there was 
apparently only a single specimen known from Costa Rica, which would have hindered 
morphology based hypotheses of species level differences in Central America. 
Nevertheless, even with the few adults now known, morphological variation is already 
apparent. Willmott (2003b) notes that the single Costa Rican specimen he analyzed is 
unique in having the orange DFW subapical marking barely joined to the remainder of 
the postdiscal band, and there is a reduced connection in some of the adults reared in 
Chapter 2 (see Figure 2.4B). Additionally, within A. nea there is geographic variation in 
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the amount of white on the DFW postdiscal band at the anal margin. In Costa Rica, many 
of the A. nea nea have white in the anal margin of the DFW postdiscal orange band (see 
Figure 2.4B). In addition, our samples from Costa Rica tend to have the DHW postdiscal 
white band narrowed in cells Rs and M1 (see Figure 2.4B). Characters such as these may 
prove useful in identifying a new species, and should be examined in samples such as 
those analyzed here from Central America, Ecuador and French Guiana. Samples of A. 
nea sentia should also be sequenced for comparisons with A. nea nea.  
 Adelpha seriphia also stands out as having high values in the intraspecific 
distance analysis. However, unlike the other species, the Neighbor-Joining tree shows 
much variation in branch lengths in A. seriphia, and the cluster is made up of three 
subspecies that are not separated by high bootstrap values. Therefore it is not likely that 
this variation is indicative of cryptic species diversity. 
Based on our analyses of mtDNA, there is weak evidence supporting the 
hypothesis that A. s. celerio contains two cryptic species. The Neighbor-Joining tree has 
high bootstrap support (1.0) for A. serpa as a species, but there is low intraspecific 
variation within the species (0.46%) that falls within the typical range for species within 
the serpa-group (Figure 3.4). Although three haplogroups are present within A. serpa, the 
average pairwise distance between them is low (1.1-1.3%), the lowest distance seen 
between all serpa-group clusters (Table 3.3). These values fall well below the generally 
accepted 2% difference threshold for species. In addition, individuals of A. s. duillae are 
intermingled with A. s. celerio in the serpa-1 cluster, creating mixed support for serpa-1 
as geographically distinct (see Geographic Distribution section below). The pattern in the 
Neighbor-Joining tree of serpa-1 and serpa-3 clustering together suggests serpa-1 and 
71 
 
serpa-2 are different species, given the individuals in these clusters are comprised of 
individuals west of the Andes and individuals from east of the Andes, respectively 
(Figure 3.3). However, this is not strongly supported given the observed bootstrap values 
(Figure 3.3). Thus, while it is possible that this represents the beginning of divergence, 
the analysis here indicates that serpa-1 and serpa-2 are not separate species. 
 Host plants.  There is significant overlap in the host plant use of serpa-1 and 
serpa-2 (Table 3.5). Thus, the serpa-1 and serpa-2 clusters cannot be separated based on 
host plant use. While there are hosts that serpa-1 has not been found on, this may be due 
to sample size as serpa-1 is much less abundant than serpa-2. Increasing sample size for 
those hosts may significantly alter the frequencies to be more equal between the clusters. 
It also seems likely that further rearing of A. serpa in other geographic localities in South 
America would add additional host family diversity. 
 Morphology.  Immature characters have proven to be an excellent source of 
phylogenetic information in Adelpha. These traits include the overall coloration of larva 
and pupa, the number and arrangement of body scoli, the color and arrangement of 
chalazae on the head capsule, and the shape of the pupal head horns and the dorsal 
projections (Aiello 1984, Willmott 2003b, Aiello 2006). However, immature characters 
did not prove useful here in distinguishing between A. serpa haplogroups (Table 3.6). 
Within adults, common characters used in identifying species include the pale ventral 
postdiscal and submarginal series and the dorsal postdiscal band, as well as the shape of 
the orange subapical marking (Willmott 2003b). Within A. s. celerio, no consistent 
defining difference was seen in these traits. Although several traits indicated divergence 
based on the generalized linear model (Table 3.6), variation in these traits precluded 
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confidently placing a sample into serpa-1 or serpa-2. Given the weak pattern of genetic 
differentiation between serpa-1 and serpa-2, it is not surprising that the wing patterns 
follow a similar pattern of weak differentiation.  
 The values generated by the generalized linear model determined how well 
haplogroup identity can be predicted based on each character. While several characters 
were significantly indicative of haplogroup, we must point out the difference in statistical 
versus biological significance. The differences, while significant, are subtle (for example, 
the ratio of the width of the second and first cell of the postdiscal series) and inconsistent; 
as previously mentioned they do not work to accurately identify individuals of a certain 
haplogroup. These traits are thus probably not very biologically significant in terms of 
being associated with reproductive isolation, but are indicating geographic tendencies in 
the morphological variation, which may or may not diverge in future generations. Given 
the distinctiveness in morphology between other species of Adelpha (despite mimicry), 
including between species and subspecies of serpa-group taxa, the differences in A. s. 
celerio do not indicate presence of different species. 
One trait measured quantitatively showed differences between serpa-1 and serpa-
2. The ratio of the second white cell to the first white cell of the postdiscal band is higher 
in serpa-2 (p = 0.003). The first cell averages the same in size (~4.25mm), whereas the 
second cell is very slightly wider in serpa-2. However, this difference in ratio is not very 
obvious when identifying specimens, as there is overlap in size of the cells. Furthermore, 
it was not possible to unequivocally place an individual sample in the correct haplogroup. 
As a result, this trait also shows the tendency toward differences within A. serpa celerio 
haplogroups, but it is not consistent enough to warrant designating multiple species. 
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Perhaps the most interesting trait that was different between the serpa-1 and 
serpa-2 clusters is the reflectance of the dorsal white HW postdiscal band (Figure 3.5). 
Willmott (2003b) notes that there is individual variation in the color of the postdiscal 
bands in A. serpa, which varies from white to a greenish blue. Our analysis found that 
female dorsal HW discal bands differ at ~500 nm between haplogroups, with the female 
hindwing measuring more blue-green in serpa-1 than in serpa-2 (Figure 3.5). The subtle 
difference between females detected by the reflectance measurements is illustrated in 
Figure 3.6. In the other areas measured, female serpa-1 tended to have higher values than
Figure 3.6. Comparison of wing samples of serpa-1 and serpa-2 females. 
Representative individuals show the subtle differences in color pattern 
between serpa-1 and serpa-2 females. Hindwing reflectance showed variation 
between the two haplogroups, with serpa-1 being more blue-green. 
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serpa-2 at some wavelengths, but the error bars overlapped. For males, the dorsal HW 
ultraviolet region showed subtle significant differences. Otherwise for males, serpa-2 
tended to have higher values at some wavelengths, but again the error bars overlapped. 
Overall, the color differences observed here are subtle and do not convince us that the 
two haplogroups should be given species status. However, these color differences may be 
subject to sexual selection, and as such could be a mechanism for the future divergence of 
the two haplogroups.  
Despite the subtle differences suggested by our analyses, none of the 
morphological traits appear to be obviously diagnostic. Thus, although there is variation 
showing trends separating the two haplogroups of A. serpa celerio, we do not feel a clear 
morphological distinction can be drawn between serpa-1 and serpa-2.  
Geographic distribution.  As with host plants, there is much overlap in the 
geographic distribution of serpa-1 and serpa-2. The serpa-1 group extends from Mexico 
to Ecuador, whereas serpa-2 samples were found across Central America but not south of 
Panama (Appendix Table A1). This broad overlap could partly be an artifact of sample 
size, and a greater sample size of countries outside Costa Rica may lead to clearer 
boundaries. However, increased sampling would not erase the observed overlap, and 
based on evidence here serpa-1 and serpa-2 do not appear geographically distinct. It is 
interesting to note that serpa-1 does not appear in the northeast Costa Rica samples (i.e. 
La Selva Biological Station), although this is likely due to sample size as serpa-1 is 
generally more rare than serpa-2. 
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Conclusion 
 This study clarified unknown diversity in the serpa-group. Recent fieldwork in 
Costa Rica together with a compilation of published host records indicates Adelpha serpa 
celerio uses larval food plants from a surprising eight families. Whereas two mtDNA 
clusters exist within A. serpa celerio, molecular evidence gathered here shows that these 
clusters do not represent species-level differences compared with other serpa-group 
species. Furthermore, the observed overlap in host use, morphology, and geographic 
distribution of the two clusters indicates that the clusters are probably not ecologically 
relevant species. Therefore we conclude that Adelpha serpa celerio may be undergoing 
divergence but is currently best treated as a unique example in the genus of a widespread 
host plant generalist. 
 Several other species within the serpa-group indicate promise for discovering 
cryptic species, and should be further investigated. These species include A. paraena, A. 
godmani, and A. nea, which show significant molecular variation and distinct lineage 
breaks associated with geography and/or morphology. Adelpha radiata should also be 
considered for future study, as there is strong support for A. r. aiellae and A. r. gilletella 
as clusters. 
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Appendix Table A1. 
Appendix Table A1. Summary of samples included in all analyses. Host plant information is given where available for A. s. celerio 
samples. 
 
 
Hostplant 
SRNP or other 
code Genus Species 
Sub-
species Cluster Country Province 
Included 
in NJ 
analyses Family Genus Species 
NW107-16 Adelpha californica A. californica USA Cleary Reserve yes NA NA NA 
RIH3492 Adelpha californica A. californica USA Cleary Reserve yes NA NA NA 
RIH3495 Adelpha californica A. californica USA Cleary Reserve yes NA NA NA 
RIH5241 Adelpha californica A. californica USA Cleary Reserve yes NA NA NA 
RIH5242 Adelpha californica A. californica USA Cleary Reserve yes NA NA NA 
RIH5243 Adelpha californica A. californica USA Cleary Reserve yes NA NA NA 
RIH5244 Adelpha californica A. californica USA Cleary Reserve yes NA NA NA 
RIH5203 Adelpha diocles A. diocles Costa Rica San Jose yes NA NA NA 
KW-140831-05 Adelpha godmani godmani-2 Mexico Veracruz yes NA NA NA 
LEP-04530 Adelpha godmani godmani-1 Ecuador Pichincha yes NA NA NA 
LEP-04531 Adelpha godmani godmani-1 Ecuador Pichincha yes NA NA NA 
LEP-17022 Adelpha godmani godmani-1 Ecuador Pichincha yes NA NA NA 
LEP-17025 Adelpha godmani godmani-1 Ecuador Carchi yes NA NA NA 
RIH5141 Adelpha godmani godmani-2 Costa Rica Puntarenas yes NA NA NA 
RIH5148 Adelpha godmani godmani-2 Costa Rica Puntarenas yes NA NA NA 
RIH5213 Adelpha godmani godmani-2 Costa Rica Puntarenas yes NA NA NA 
RIH5217 Adelpha godmani godmani-2 Costa Rica Puntarenas yes NA NA NA 
85 
 
RIH5224 Adelpha godmani godmani-2 Costa Rica Puntarenas yes NA NA NA 
RIH5225 Adelpha godmani godmani-2 Costa Rica Puntarenas yes NA NA NA 
RIH5228 Adelpha godmani godmani-2 Costa Rica Puntarenas yes NA NA NA 
KW-080229-24 Adelpha godmani godmani-1 Ecuador Imbabura yes NA NA NA 
LEP-04109 Adelpha godmani godmani-1 Ecuador Manabi yes NA NA NA 
LEP-04107 Adelpha godmani godmani-2 Colombia Caldas yes NA NA NA 
LEP-17035 Adelpha hyas hewitsoni A. hyas Ecuador Napo yes NA NA NA 
LEP-03282 Adelpha hyas hewitsoni A. hyas Peru Amazonas yes NA NA NA 
LEP-04253 Adelpha hyas hewitsoni A. hyas Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
LEP-04252 Adelpha hyas hewitsoni A. hyas Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
LEP-17029 Adelpha margarita margarita A. margarita Ecuador Loja yes NA NA NA 
KW-061103-04 Adelpha margarita A. margarita 
Ecuador Zamora-
Chinchipe yes NA NA NA 
KW-061114-03 Adelpha margarita A. margarita 
Ecuador Zamora-
Chinchipe yes NA NA NA 
KRW-2013_39-
A Adelpha margarita A. margarita Ecuador Not located yes NA NA NA 
KW-080229-29 Adelpha margarita A. margarita 
Ecuador Morona-
Santiago yes NA NA NA 
KW-080229-30 Adelpha margarita A. margarita 
Ecuador Morona-
Santiago yes NA NA NA 
KW-140629-01 Adelpha nea nea nea-1 Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
LEP-17075 Adelpha nea nea nea-1 
French 
Guiana Not located yes 
NA NA NA 
LEP-17076 Adelpha nea nea nea-1 
French 
Guiana Cayenne yes 
NA NA NA 
LEP-17077 Adelpha nea nea nea-1 
French 
Guiana Cayenne yes 
NA NA NA 
RIH3810 Adelpha nea nea nea-2 Costa Rica Heredia yes NA NA NA 
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RIH3811 Adelpha nea nea nea-2 Costa Rica Heredia yes NA NA NA 
RIH3956 Adelpha nea nea nea-2 Costa Rica Heredia yes NA NA NA 
RIH4374 Adelpha nea nea nea-2 Costa Rica Puntarenas yes NA NA NA 
RIH4386 Adelpha nea nea nea-2 Costa Rica Puntarenas yes NA NA NA 
RIH4424 Adelpha nea nea nea-2 Costa Rica Puntarenas yes NA NA NA 
RIH4425 Adelpha nea nea nea-2 Costa Rica Puntarenas yes NA NA NA 
RIH4426 Adelpha nea nea nea-2 Costa Rica Puntarenas yes NA NA NA 
RIH4683 Adelpha nea nea nea-2 Costa Rica Puntarenas yes NA NA NA 
08-SRNP-72349 Adelpha paraena massilia paraena-2 Costa Rica Guanacaste yes NA NA NA 
RIH3950 Adelpha paraena massilia paraena-2 Costa Rica Heredia yes NA NA NA 
RIH3954 Adelpha paraena massilia paraena-2 Costa Rica Heredia yes NA NA NA 
RIH4002 Adelpha paraena massilia paraena-2 Costa Rica Heredia yes NA NA NA 
RIH4017 Adelpha paraena massilia paraena-2 Costa Rica Heredia yes NA NA NA 
RIH4691 Adelpha paraena massilia paraena-2 Costa Rica Puntarenas yes NA NA NA 
RIH4726 Adelpha paraena massilia paraena-2 Costa Rica Puntarenas yes NA NA NA 
RIH4727 Adelpha paraena massilia paraena-2 Costa Rica Puntarenas yes NA NA NA 
RIH4729 Adelpha paraena massilia paraena-2 Costa Rica Puntarenas yes NA NA NA 
RIH4730 Adelpha paraena massilia paraena-2 Costa Rica Puntarenas yes NA NA NA 
RIH4740 Adelpha paraena massilia paraena-2 Costa Rica Puntarenas yes NA NA NA 
JQS38488.1 Adelpha paraena massilia paraena-2 Costa Rica Puntarenas yes NA NA NA 
KW-140708-03 Adelpha paraena paraena paraena-1 Ecuador Orellana yes NA NA NA 
LEP-17030/KW-
081002-09 
Adelpha paraena paraena paraena-1 Ecuador Orellana yes NA NA NA 
LEP-17033 Adelpha paraena paraena paraena-1 Ecuador 
Morona-
Santiago yes 
NA NA NA 
LEP-17034 Adelpha paraena paraena paraena-1 Ecuador Napo yes NA NA NA 
LEP-17080 Adelpha paraena paraena paraena-1 
French 
Guiana Not located yes 
NA NA NA 
LEP-03800 Adelpha paraena paraena paraena-1 Bolivia Cochabamba yes NA NA NA 
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KW-140831-01 Adelpha paroeca paroeca A. paroeca Mexico Veracruz yes NA NA NA 
08-SRNP-40772 Adelpha radiata aiellae A. radiata Costa Rica Guanacaste yes NA NA NA 
11-SRNP-40112 Adelpha radiata aiellae A. radiata Costa Rica Not located yes NA NA NA 
11-SRNP-66365 Adelpha radiata aiellae A. radiata Costa Rica Not located yes NA NA NA 
11-SRNP-66366 Adelpha radiata aiellae A. radiata Costa Rica Not located yes NA NA NA 
RIH4119 Adelpha radiata aiellae A. radiata Costa Rica Heredia yes NA NA NA 
RIH4120 Adelpha radiata aiellae A. radiata Costa Rica Heredia yes NA NA NA 
RIH4144 Adelpha radiata aiellae A. radiata Costa Rica Heredia yes NA NA NA 
RIH4145 Adelpha radiata aiellae A. radiata Costa Rica Heredia yes NA NA NA 
RIH5136 Adelpha radiata aiellae A. radiata Costa Rica Puntarenas yes NA NA NA 
RIH3827 Adelpha radiata aiellae A. radiata Costa Rica Heredia yes NA NA NA 
LEP-11203 Adelpha radiata gilletella A. r. gilletella 
French 
Guiana Not located yes 
NA NA NA 
KW-140617-03 Adelpha seriphia aquillia A. seriphia Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
KW-140625-02 Adelpha seriphia aquillia A. seriphia Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
LEP-11013 Adelpha seriphia aquillia A. seriphia Ecuador 
Morona-
Santiago yes 
NA NA NA 
LEP-17017 Adelpha seriphia aquillia A. seriphia Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
LEP-17027 Adelpha seriphia aquillia A. seriphia Ecuador Tungurahua yes NA NA NA 
LEP-17028 Adelpha seriphia aquillia A. seriphia Ecuador 
Morona-
Santiago yes 
NA NA NA 
KW-061103-02 Adelpha seriphia aquillia A. seriphia Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
KW-061114-05 Adelpha seriphia aquillia A. seriphia Ecuador 
Zamora-
Chinchipe yes 
NA NA NA 
KC681843.1 Adelpha seriphia aquillia A. seriphia Colombia Caldas yes NA NA NA 
LEP-04110 Adelpha seriphia aquillia A. seriphia Ecuador Sucumbios yes NA NA NA 
LEP-04106 Adelpha seriphia aquillia A. seriphia Colombia Caldas yes NA NA NA 
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KW-061114-01 Adelpha seriphia barcanti A. seriphia Venezuela Monagas yes NA NA NA 
LEP-04108 Adelpha seriphia pione A. seriphia Venezuela Merida yes NA NA NA 
LEP-03802 Adelpha seriphia therasia A. seriphia Bolivia Cochabamba yes NA NA NA 
13-SRNP-65487 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
12-SRNP-72258 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
02-SRNP-7039 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
03-SRNP-
12880.1 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Urticaceae Myriocarpa longipes 
03-SRNP-6252 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
03-SRNP-
12511.1 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
03-SRNP-6251 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
04-SRNP-48003 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
05-SRNP-1275 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia subcrustulata 
05-SRNP-41560 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
02-SRNP-6466 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
06-SRNP-46441 Adelpha serpa celerio serpa-1 Costa Rica Guanacaste no Melastomataceae Miconia argentea 
06-SRNP-9424 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Malvaceae Heliocarpus appendiculatus 
03-SRNP-
12907.1 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
03-SRNP-6253 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
03-SRNP-5310 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Malvaceae Heliocarpus appendiculatus 
01-SRNP-4519 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Euphorbiaceae Croton billbergianus 
01-SRNP-4511 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
01-SRNP-3802 Adelpha serpa celerio serpa-1 Costa Rica Alajuela no Malvaceae Heliocarpus appendiculatus 
01-SRNP-5269 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
01-SRNP-2000 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
00-SRNP-20863 Adelpha serpa celerio serpa-1 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
01-SRNP-5268 Adelpha serpa celerio serpa-1 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
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03-SRNP-3322 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
02-SRNP-2248 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Urticaceae Myriocarpa longipes 
02-SRNP-6923 Adelpha serpa celerio serpa-1 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
02-SRNP-940 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
01-SRNP-4198 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
02-SRNP-14713 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Malvaceae Heliocarpus americanus 
02-SRNP-6928 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
02-SRNP-6834 Adelpha serpa celerio serpa-1 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
02-SRNP-2236 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Malvaceae Heliocarpus appendiculatus 
02-SRNP-15635 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Urticaceae Myriocarpa longipes 
02-SRNP-6252 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
03-SRNP-6702 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
02-SRNP-21391 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
07-SRNP-21233 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
07-SRNP-21242 Adelpha serpa celerio serpa-1 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
07-SRNP-2616 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
07-SRNP-23850 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Vochysiaceae Vochysia ferruginea 
07-SRNP-23819 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Vochysiaceae Vochysia ferruginea 
08-SRNP-72211 Adelpha serpa celerio serpa-1 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
10-SRNP-30610 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
10-SRNP-69588 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Vochysiaceae Vochysia ferruginea 
14-SRNP-81745 Adelpha serpa celerio serpa-1 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
14-SRNP-46456 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
14-SRNP-46455 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
11-SRNP-70503 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste no Melastomataceae Conostegia xalapensis 
10-SRNP-81542 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
12-SRNP-85127 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
12-SRNP-40067 Adelpha serpa celerio serpa-2 Costa Rica Alajuela no Melastomataceae Conostegia xalapensis 
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11-SRNP-31280 Adelpha serpa celerio serpa-2 Costa Rica Not located yes Melastomataceae Conostegia xalapensis 
YB-BCI1531 Adelpha serpa celerio serpa-2 Panama Panama yes NA NA NA 
07-SRNP-
103852 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes 
NA NA NA 
13-SRNP-71273 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Malvaceae Ochroma pyramidale 
13-SRNP-43183 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
13-SRNP-77114 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
13-SRNP-35605 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Malvaceae Ochroma pyramidale 
14-SRNP-46669 Adelpha serpa celerio serpa-1 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
14-SRNP-72188 Adelpha serpa celerio serpa-1 Costa Rica Guanacaste yes Vochysiaceae Vochysia ferruginea 
04-SRNP-55673 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
04-SRNP-48925 Adelpha serpa celerio serpa-1 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
04-SRNP-55670 Adelpha serpa celerio serpa-1 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
06-SRNP-60034 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Proteaceae Roupala montana 
06-SRNP-41567 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Malvaceae Heliocarpus appendiculatus 
06-SRNP-41566 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Malvaceae Heliocarpus appendiculatus 
07-SRNP-2204 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Malvaceae Heliocarpus appendiculatus 
08-SRNP-72664 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
08-SRNP-72335 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
08-SRNP-72069 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
08-SRNP-72070 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
08-SRNP-682 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
08-SRNP-2263 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
08-SRNP-1697 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Malvaceae Heliocarpus appendiculatus 
10-SRNP-73091 Adelpha serpa celerio serpa-1 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
10-SRNP-72893 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Malvaceae Ochroma pyramidale 
11-SRNP-70115 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
14-SRNP-65039 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
14-SRNP-65083 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
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14-SRNP-35174 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
11-SRNP-81884 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
11-SRNP-72195 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Malvaceae Ochroma pyramidale 
12-SRNP-3124 Adelpha serpa celerio serpa-1 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
12-SRNP-70894 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Malvaceae Ochroma pyramidale 
12-SRNP-70893 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Malvaceae Ochroma pyramidale 
12-SRNP-41617 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
12-SRNP-331 Adelpha serpa celerio serpa-2 Costa Rica Alajuela yes Melastomataceae Conostegia xalapensis 
15-SRNP-71521 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Malvaceae Ochroma pyramidale 
15-SRNP-71061 Adelpha serpa celerio serpa-2 Costa Rica Guanacaste yes Melastomataceae Conostegia xalapensis 
KW-140831-06 Adelpha serpa celerio serpa-2 Mexico Veracruz yes NA NA NA 
KW-140831-07 Adelpha serpa celerio serpa-2 Mexico Veracruz yes NA NA NA 
KW-140831-08 Adelpha serpa celerio serpa-1 Mexico Veracruz yes NA NA NA 
KW-140831-09 Adelpha serpa celerio serpa-2 Mexico Veracruz yes NA NA NA 
KW-140831-10 Adelpha serpa celerio serpa-2 Mexico Veracruz yes NA NA NA 
KW-140831-11 Adelpha serpa celerio serpa-2 Mexico Veracruz yes NA NA NA 
KW-140831-12 Adelpha serpa celerio serpa-2 Mexico Veracruz yes NA NA NA 
RH09-208 Adelpha serpa celerio serpa-1 Honduras Atlántida yes NA NA NA 
RH09-211 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-212 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-213 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-370b Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-429 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-430 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-599 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-683 Adelpha serpa celerio serpa-1 Honduras Atlántida yes NA NA NA 
RIH3521 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes NA NA NA 
RIH3527 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes NA NA NA 
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RIH3530 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes NA NA NA 
RIH3531 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes NA NA NA 
RIH3801 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes NA NA NA 
RIH3854 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH3864 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH3884 Adelpha serpa celerio serpa-2 Costa Rica San Jose yes NA NA NA 
RIH3914 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH3934 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Malvaceae Ochroma pyramidale 
RIH4072 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Malvaceae Ochroma pyramidale 
RIH4101 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH4102 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH4125 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH4181 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Malvaceae Ochroma pyramidale 
RIH4190 Adelpha serpa celerio serpa-2 Costa Rica Limon yes NA NA NA 
RIH4272 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4273 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4274 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4323 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4326 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4327 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4328 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4336 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Malvaceae Ochroma pyramidale 
RIH4356 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4357 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4360 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4366 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4367 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4368 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
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RIH4369 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4388 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4389 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4391 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4392 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4395 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4396 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4407 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Miconia argentea 
RIH4408 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4410 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4411 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4420 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4441 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4442 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4456 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4459 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4467 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4478 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Miconia argentea 
RIH4479 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Miconia argentea 
RIH4480 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Miconia argentea 
RIH4481 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4487 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4489 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4494 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Miconia argentea 
RIH4518 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4519 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
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RIH4552 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4553 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4630 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Miconia argentea 
RIH5100 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Vochysiaceae Vochysia ferruginea 
RIH5101 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Vochysiaceae Vochysia ferruginea 
RIH5102 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Vochysiaceae Vochysia ferruginea 
MAL-02399 Adelpha serpa celerio serpa-2 Mexico Campiche yes NA NA NA 
RH09-204 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-519 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RH09-523 Adelpha serpa celerio serpa-2 Honduras Atlántida yes NA NA NA 
RIH3781 Adelpha serpa celerio serpa-2 Costa Rica San Jose yes Melastomataceae Conostegia xalapensis 
RIH3782 Adelpha serpa celerio serpa-2 Costa Rica San Jose yes Melastomataceae Conostegia xalapensis 
RIH3853 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH3913 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH4113 Adelpha serpa celerio serpa-2 Costa Rica Heredia yes Melastomataceae Conostegia xalapensis 
RIH4208 Adelpha serpa celerio serpa-2 Costa Rica Limon yes Melastomataceae Conostegia xalapensis 
RIH4214 Adelpha serpa celerio serpa-2 Costa Rica Limon yes Melastomataceae Conostegia xalapensis 
RIH4215 Adelpha serpa celerio serpa-2 Costa Rica Limon yes Melastomataceae Conostegia xalapensis 
RIH4246 Adelpha serpa celerio serpa-2 Costa Rica Limon yes Malvaceae Ochroma pyramidale 
RIH4337 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Malvaceae Ochroma pyramidale 
RIH4364 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4387 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4394 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4405 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4406 Adelpha serpa celerio serpa-1 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4409 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4421 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
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RIH4422 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4427 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia subcrustulata 
RIH4440 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4451 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH4454 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4455 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Melastomataceae Conostegia xalapensis 
RIH4515 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Urticaceae Myriocarpa longipes 
RIH4520 Adelpha serpa celerio serpa-2 
Costa Rica Puntarenas 
yes Verbenaceae Citharexylum 
cf donnel-
smithii 
RIH5103 Adelpha serpa celerio serpa-2 Costa Rica Puntarenas yes Vochysiaceae Vochysia ferruginea 
LEP-02047 Adelpha serpa diadochus serpa-1 Peru San Martín yes NA NA NA 
LEP-17020 Adelpha serpa diadochus serpa-1 Ecuador Napo yes NA NA NA 
LEP-17021 Adelpha serpa diadochus serpa-1 Ecuador Napo yes NA NA NA 
LEP-17088 Adelpha serpa diadochus serpa-1 
French 
Guiana Cayenne yes 
NA NA NA 
LEP-17089 Adelpha serpa diadochus serpa-1 
French 
Guiana Cayenne yes 
NA NA NA 
LEP-04115 Adelpha serpa diadochus serpa-1 Ecuador Pastaza yes NA NA NA 
LEP-10479 Adelpha serpa diadochus serpa-1 Ecuador Orellana yes NA NA NA 
LEP-04525 Adelpha serpa duiliae serpa-1 Ecuador Pichincha yes NA NA NA 
LEP-17012 Adelpha serpa duiliae serpa-1 Ecuador Pichincha yes NA NA NA 
LEP-17013 Adelpha serpa duiliae serpa-1 Ecuador Esmeraldas yes NA NA NA 
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Appendix Figure A1. 
A file in Newick format containing the complete Neighbor-Joining figure with each individual sample called 
“serpa569_500boot_FINAL.nwk” is available as a supplemental file from ProQuest and from Scholar Commons 
(https://scholarlycommons.pacific.edu/) or R. Hill (rhill@pacific.edu). 
 
